Pulmonary Carcinogenesis, June 2, 1989 


Page 262 


cases. The question depends on finding out whether such irritants 
are, in general, favorable to cancer formation or whether tar 
derivatives play a leading role in this respect, and finally, 
whether they are of special significance in the origin of carcino¬ 
ma of the bronchi. Naturally, that must be though of, since the 
air passages are particularly exposed by inhalation to many 
street-borne irritants. Experimental work was done by Brandt, but 
he could observe only a resulting effort toward regeneration, 
early signs of malignant growth of the basal cells and bronchial 
mucous membrane, and not a clearly defined indisputable cancer.' 

It is the importance of tar in the experimental genesis of 
lung cancer that necessitates its consideration here. Moller 
(2423) painted the backs of young rats with it and obtained the 
cornified squamous epithelial variety of lung carcinoma in all 
animals that survived 300 days of painting. He considered two 
possibilities - that the carcinogenic particles could have travel¬ 
ed either by the blood stream or by inspired air - and then he 
mentioned hematologic origin of the bladder cancer of aniline dye 
workers. To a certain extent the work of Murphy and Sturm (2520) 
corroborates Moller's results (2423), yet the conclusions drawn 
differ. The former painted the skin of white mice over ever- 
changing areas for a long time, and thus in two series produced 
approximately 60-78 per cent, respectively, of multiple epithelial 
tumors. These tumors were exactly similar to the spontaneous can¬ 
cer of the lungs of mice which had been characterized by different 
authors as adenocarcinoma, papillary cystadenoma and adenoma. 

These authors did not believe that the tumor was transmitted from 
the skin or that it was caused by tar licked in and resorbed 
through the intestines but that the application of tar to the skin 
lowered the resistance to carcinoma and the subsequent inhalation 
of foreign irritating substances such as hay dust or saw dust led 
to carcinomatous, cellular proliferation. Febiger, Kennaway, 
Dreyfuss and Bloch obtained lung cancers by painting white mice 
for a long time with tar fractions. Kimura (2321) was able to 
produce pulmonary cancer in one rabbit and three guinea-pigs 
through insufflation of tar through a tracheo- tomy tube. The 
case of von Meyenburg is clinically interesting in this connec¬ 
tion. The patients, a hairdresser, developed pulmonary cancer 
after having been engaged for some time in the manufacture of tar 
soap. These facts point attention to a possible relationship 
between street-tarring and lung cancers. 

Jamagiva said that the increase in lung neoplasms may be 
attributable to tar dust of roads and streets. Heilmann (2528) 
referred to the possible dependence of bronchial cancers on the 
effects of particles of tar, oil and other substances raised by 
automobile traffic. Bloch's work with Dreyfuss showed that fine 
dust particles found with varying frequency In different tars must 
be kept in mind in this connection; the former of these authors, 
addressing the Swiss street workers' union in 1924, emphasized 
tarring of streets as a cause of cancer of the lungs. 6oltz 
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(3030) contrasted the annual use of half a million tons of tar on 
the roads of the United States with the fact that in Hong Kong 
none of it is used and cancer of the lung is a rarity. Simpson 
(2927), too, regarded the rarity of lung cancer in Hong Kong and 
in Singapore, where also no tar is used, as suggestive, for, he 
said. Both clinically and experimentally it is known that tar is a 
potentially carcinogenic substance. 

To refute these suggestions, Konrad and Franke (2955) denied 
that the increase of the disease in Riga is due to either an 
increased number of automobiles or an increased use of tar, since 
neither of these increases has taken place. Probst (2732) 
concluded, from data furnished by the engineer for the canton of 
Zurich and the street inspector of the city of Zurich, that road 
tar exercised no influence on the incidence of pulmonary new 
growths. Husted and Biilman (3724) were unable to demonstrate 
relationship between the frequency of pulmonary carcinoma in 
Denmark and the more extensive tarring of roads. Jaffe (3516) 
recently pointed out that pulmonary cancer is very common in 
countries where road tarring is little used, as, for example, in 
Russia. No evidence could be found by the Kennaways that tarring 
of the roads has affected the incidence of pulmonary carcinoma in 
the general population. Such data as are available suggest that 
coal tar in the atmosphere, whether derived from roads or from any 
other source, does not readily cause cancer of the lung. Further¬ 
more, an investigator who has exposed mice to an atmosphere highly 
contaminated with road dust containing two per cent of tar found 
no pulmonary carcinoma among his animals, even though malignant 
tumors did arise in the skin. 

Also in Basel, Staehelin (2526) found that increased frequency 
of lung cancers was disproportionate to increased tarring of 
streets. There, street-tarring was started in 1903, lapsed until 
1906, when it was increased so that now 42.2 per cent of the 
street area is tarred. The increase of pulmonary cancers in 1912 
might be explained as due to this cause, but were this the case 
there should have been a noticeable increase since the War; this 
has not developed. Staehelin further pointed out that the disease 
did not start to increase in France directly after 1880, when tar¬ 
ring started there, and that though the practice has continued to 
the present, Ribadeau-Dumas in 1923 mentioned only two to four 
lung cancers per 1,000 sections in that country. Vincent made a 
survey which disclosed no positive relation between the disease 
and the prevalence of street-tarring in France. So Staehelin 
argued that it is easier to demonstrate a causal relationship 
between cancer in general and street tar dust than between the 
latter and bronchiogenic cancer in particular. 

It seems sensible to conclude that inhalation of particles of 
tar taken Into the air from streets and roads may be counted among 
the chronic irritants responsible for pulmonary carcinomas but 
that it is in no sense their sine qua non cause." (pages 79-82 of 
ref. 3702) 
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Presently, it is no longer necessary to measure tar particles directly, but to 
collect the benzopyrene component. In more comprehensive studies, hydrocarbons 
and polycyclic aromatic amines are analyzed in detail. The ozone level used as 
primary pollutant indicators for enforcing provisions of Clean Air Act 
represent the end results of vehicular emissions and prevailing wind velocity 
(Part Four). 


Occupational Exposure . 

Prior to the 1930*s, there was significant number of publications on tar 
skin cancer, both human studies and animal experiments. The human studies on 
lung cancer associated with fossil fuel products and combustion emission 
consisted of reviewing occupational history. Duguid (2721) observed that 
outdoor workers were more represented than indoor workers in a group of 143 
lung cancer patients compared to the general population of Manchester. Harris 
covered the subject of occupational exposure by the following SOA statement: 

"5.3. Beginning in the 1920s, a variety of factors were 
hypothesized as contributing to the striking rise in lung cancer. 

These included: the influenza pandemic of 1918; old tuberculous 
lesions in lung cancer patients; pre-existing bronchitis and 
emphysema in lung cancer victims; gasoline fumes containing lead; 
diesel and gasoline-powered automobile emissions; irritant gases 
used in World War I warfare; soots, tars and other air pollutants 
from roads, fuel combustion, and various industrial processes; as 
well as the rise in cigarette smoking. A concentration of lung 
cancer cases in the mining district of Schneeberg in Saxony 
stimulated interest in radioactive substances and certain heavy 
metals as possible contributors. (See Perret 1929; Hoffman 1929, 

1931; Ochsner and DeBakey 1941; Kennaway and Kennaway 1936, 

1941)" 

It should be noted that Harris did not mention Duguid and the almost fifty 
articles discussed in the next paragraphs and tables. Kennaway and Kennaway 
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appeared in the above list of references and the discussions starts with this 
couple. 


Lung cancer deaths In England and Wales. Kennaway and Kennaway 
examined 18,280 death certificates for lung cancer in males from England and 
Wales from 1921 to 1932 Inclusive. A group of open-air occupations, where 
there was exposure to dust of roads, had rather high ratios for cancer of the 
lung. Workers exposed to coal gas and tar, and those engaged in preparation 
and sale of tobacco, tend to show an increased prevalence of cancer of the 
lung. The observation on tobacco manufacturers has been transposed by some in 
support of concept that tobacco smoking was a causative factor of lung cancer 
(3632). Kennaway & Kennaway discussed the quesion whether tarring of roads 
contributed to increase in lung cancer deaths. The first of seven numbered 
paragraphs was on the positive results of animal experiments that are discussed 
under the next subtopic. The remaining six paragraphs were as follows: 

"(2) In spite of the rather high incidence of lung cancer in 
those occupations where there is exposure to road dust, it seems 
wholly unreasonable to attribute the recent increase of this 
disease among the general population to the tarring of roads. For 
scores of years before this increase began coal tar was being dis¬ 
charged into the atmosphere in the form of soot by the domestic 
fire in quantities vastly greater than any which could now be 
derived from the roads. Tarring of roads must undoubtedly 
increase the amount of dust derived from tar in the air, but this 
increase appears negligible in comparison with the amount of soot 
present already. One sees clouds of smoke drifting over any large 
town, but one does not see any similar clouds of tar-laden vapour 
arising continually from tarred roads. 

(3) The contamination of the air with soot has probably been 
decreasing, owing to the greater use of gas and electricity, 
before and during the period when the recorded cases of cancer of 
the lung have been increasing rapidly. 

(4) Moreover, such evidence as is available suggests that coal 
tar in the atmosphere, whether derived from roads, domestic chim¬ 
neys, or any other source, does not readily give rise to cancer of 
the lung. Chimney sweeps, who of all persons are most exposed to 
soot, have not a very high ratio for lung cancer, and the other 
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occupations where there is special exposure to the products of the 
gas-works (gas stokers, gas works foremen and inspectors, gas 
fitters. Table IX) show an incidence of lung cancer which is from 
two to four times that prevailing in the general population. This 
increased liability, though very undersirable, cannot be regarded 
as a very high industrial risk. It does not even approach, for 
instance, the increase of risk of fatal cancer of the scrotum 
which is incurred in the occupations of chimney sweep or mule- 
spinner. 

(5) Cancer of the lung can undoubtedly be produced by an 
external agent, for the Schneeberg miners show an extremely high 
incidence. (Out of 154 miners twenty-one died in 3-1/2 years, and 
cancer of the lung was found in every one of thirteen of these 
submitted to autopsy, while of the eight not examined post mortem 
two had given in life strong evidence of the presence of this dis¬ 
ease (Rostoski, Saupe and Schmorl, 1926). These remarkable data 
make all the more distinct the indication that the potency of coal 
tar products, though seen clearly in occupations where there is 
abundant exposure to these, is nevertheless of a low order. Cor¬ 
roborative evidence of this low potency is afforded by the case of 
the mule spinners who show an especially small liability to cancer 
of the lung although they inhale air sprayed with an oil which 
produces cancer of the skin., 

(6) Two phenomena which might be discussed in relation to the 
tarring of roads and cancer of the lung are (a) the parallel 
increase in lung cancer in country dwellers and town dwellers and 
(b) the greater increase in lung cancer in men than in women. But 
one can always argue that tarred roaads do, or do not, now penet¬ 
rate to all parts of the country, or that women, are, or are not, 
exposed as much as men to road dust, so no useful purpose would be 
served by any such discussion. 

(7) The similarity has been noticed between the curves showing 
(a) the recent increase in cases of cancer of the lung and (b) the 
onset of mule-spinner's cancer (of the skin) after 20-25 years' 
employment in cotton mule spinning (Henry, (2824)), and the sug¬ 
gestion might be made that the sudden increase in cases of cancer 
of the lung was traceable to the introduction of tarring of roads 
about 20 years earlier. But, even If one suppose that road dust 
is active in producing cancer of the lung. It is wholly Improbable 
that the exposure of the general population to this dust is 
comparable to the intensive exposure to oil which occurs in the 
mule room." (page 263-265 of ref. 3632) 

Although the Kennaways were critical of the role of tarring of roads, their 

comments were not applicable to other form of coal tar of which there were at 

least six entities. Kennaway and his colleague reported on chemical and 
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biologic effects of tar and their overall conclusion was that polycyclic 
aromatic hydrocarbons caused lung cancer in mice (see below, under European 
Research on Experimental Carcinogenesis). 

Tabulated results and opinions on occupational and environmental 
factors. The literature of the 1930's can be grouped to the following 
categories: Group (a) Health hazards of occupational/environmental factors 
with no mention of tobacco smoking (11 publications); Group (b) Health hazards 
of occupational/environmental factors with tobacco smoking mentioned and no 
indications of preferential cause (6 publications); Group (c) Question health 
hazards of occupational/environmental factors with no mention of tobacco 
smoking (9 publications); Group (d) Question health hazards of occupational/ 
environmental factors with mention of tobacco smoking (8 publications). The 
grouping is based on whether the authors favored, questioned, or simply 
mentioned, occupational/environmental factors separately from tobacco smoking. 

Group (a) Health hazards of occupational/environmental factors with no 
mention of tobacco smoking. 

Authors 

Geographic Location _ Results and Comments _ 

(3019) Miller & Jones There were 32 case reports, more than half. 

New York laborers exposed to dust, paint and combustion 

emissions. "From this brief review it Is evident 
that we have a considerable number of theories as 
to the causation of pulmonary carcinoma which have 
very little basis of proved fact. He are inclined 
to agree with authors such as Katz (2731) that the 
metaplasia caused by such coexisting diseases as 
influenza, pneumonia or tuberculosis is only one 
factor, and that there probably are other factors 
as yet unknown, of which possibly mechanical 
irritation, such as dust, may be a contributing 
factor." (page 6) 
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(3027) Hodge 
Canada 


(3232) Kirk 1 in 
Minnesota 


(3328) Gutteridge 
Australia 


(3420) Churchill 
Massachusetts 


(3417) Geschickter 
Maryland 


(3412) Bronfin 
Colorado 


"It is generally agreed that malignant disease of 
the lung is increasing. Various causes have been 
suggested for this increase. It has been thought, 
for instance, that the irritation of gasoline 
fumes and the inhalation of particles of tar may 
play a part." (page 60). 

A discussion of Kirklin's presentation by James T. 
Case of Chicago: "One cannot close this discus¬ 
sion without wondering if the author has anything 
new to present concerning the cause of the 
increased frequency of carcinoma of the lungs. I 
recall that in a recent discussion on this subject 
the idea was advanced that roads plus the 
increased use of the automobile resulting in more 
inhalation of tar products in dust might be one of 
the causes of the increase in the frequency of 
carcinoma of the lung." (page 99) 

"Whether the tar-paving of roads has had any 
effect is problematical, but it is noted that the 
increased incidence of the disease in Australia is 
as belated as has been the conversion of water- 
bound macadamized roads to tar paving. It is also 
noteworthy that Iceland, being a hilly forest 
country, has very few roads or bridges, and the 
chief mode of transport is by pack-horse." (page 
18) 

"Various causes have been invoked, among them 
inhalation of tar dust from the roads." (page 
279) 

Denison 60 case reports analyzed. "Radioactive substanc¬ 
es, heavy oils and tar, and chronic inflammatory 
diseases of the lung are believed to be predis¬ 
posing factors. The etiological significance of 
these agents, however, is not well established. 
Chimney sweeps, aniline and paraffin workers, and 
miners working with radioactive minerals have been 
known to develop the disease twenty or thirty 
years after exposure. The most conclusive series 
of cases from an etiological point of view are 
those reported among the miners of Schneeberg and 
Jachymov after long contact with radioactive 
ores." (page 857) 

6 case reports. "Among several causes, Stivelman 
(2814) mentions the gasoline age and its 
production of deleterious gases." (page 193) 


Source: https://www.industrydocuments.ucsf.edu/docs/mrglOOOO 


2062855360 



Pulmonary Carcinogenesis, June 2, 1989 


Page 269 


(3621) Rosedale & McKay 
New York 


(3736) Kenning 
Michigan 


(3918) Jenkinson & Hunter 


(3951) Lipowitz 
Canada 


(3952) Anonymous 

AMA foreign correspondent 

in France 


"From a knowledge of local conditions it was 
estimated that 43 patients, or 75.4 per cent of 
the total number, were emloyed in occupations 
requiring exposure to dust or other irritating 
atmospheric factors. We feel that this may 
possibly be an etiologic factor in producing 
chronic Irritation of the bronchial epithelium, 
resulting in protoplasia and metaplasia." (page 
495) 

"The association of benzine products, such as 
asphalt, tar and motor gases has been noted. 

These factors may have some bearing on the 
relative increase of carcinoma of the lung, x x x 
Approximately 50% of our own cases were found in 
people of Polish and Slavic descent." (page 466) 

Discussion of experimental carcinogenesis using 
tar. "The etiologic factors in bronchiogenic car¬ 
cinoma as in carcinoma elsewhere, remain obscure. 
Chronic inflammatory process, inhalation of irrit¬ 
ating substances and hereditary susceptibility are 
all invoked because of their possible contributory 
importance." (page 2392). 

"The study of etiology of cancer thus comprises 
three distinct phases: intrinsic factor that 
causes tissue injury, an intrinsic factor which is 
the general susceptibility of the individual, and 
the transformation of the cell to a malignant 
status. Moller (2423) painted the backs of young 
rats with tar and did not produce carcinoma of the 
skin, but rather carcinoma of the lungs. Similar 
results were obtained with mice. It was believed 
that tar acts as a factor in lowering the resist¬ 
ance of mice, while the cancer is caused by the 
inhalation of irritants. The irritation In this 
case was due to the fact that the mice lived in 
burrows under sawdust and hay. Today, the irrita¬ 
tion theory of Virchow is regarded as an essential 
factor in the aetiology of carcinoma of the lung." 
(page 10) 

"For years a recrudesence of primary pulmonary 
cancer has been observed In France. Kling, 
Samsonov and Heros think that one of the causes of 
this increase is the tarring of roads. Statistics 
offer little to confirm the responsibility of tar. 
Kling and his collaborators do not propose to pro¬ 
scribe tarring but they would like to see employed 
only innocuous substances. Benzopyrine contained 
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within the tar used nowadays has a high cancer- 
igenic effect on animals, inducing cancers of the 
epidermal epithelioma type. Benzopyrine can be 
mixed accurately with tar. Its proportion is 
about 0.5 per cent. Since from 2 to 3 Kg. of tar 
is spread over a square meter, one can gage the 
amount of benzopyrine used. Benzopyrine adheres 
solidly to particles of silica and other materials 
spread over roads. The benzopyrine-impregnated 
dust raised by the wind can be borne a great 
distance from its source and carry with It the 
harmful tar. A certain number of substitutes for 
tar in use at present for the coating of roads, 
such as natural pitch and petroleum resin, do not 
cause cancer in animals." (page 245) 


Group (b) Health hazards of occupational/environmental factors with 
tobacco smoking mentioned and no indications of preferential cause. 

Authors 

Geographic Location _ Results and Comments _ 

"As generally known, in the search for the cause 
of this phenomenon, a number of causes have been 
considered (better diagnoses, frequent occurrence 
of influenza, automobile combustion, gas, street 
dust, road tar, war gas and others." (page 10 of 
English translation) 

"Chronic irritation may be considered one of the 
principal factors in the production of lung 
cancer. Some have believed the dusty air, the 
presence of gases from automobiles, the use of 
tobacco and the Inhalation of particles of tar 
from the road beds to be possible etiologic fac¬ 
tors. Konrad and Franke state that in Riga there 
has been a definite Increase but that there has 
not been a coincident increase of automobiles and 
the use of tar In road building. Thus these fac¬ 
tors could not account for the increase of lung 
cancer In this locality." (page 1045) 

(3327) Pilcher & Brindley "Increase of tar in the air from roads, gas fumes 
Texas from automobiles and industrial plants, and 

irritating stone dusts have all been discussed as 
possible factors In the Increasing incidence of 
the condition. These ideas were furthered when 
Kimura (2321), reported the experimental pro- 


(2931) Lickint 
Germany 


(3011) Bonner 
Georgia 
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(3645) Schrire 
South Africa 


(3833) Faget & 
Virginia 


duction of pulmonary cancer in animals by the 
intratracheal insufflation of the lungs with coal 
tar. The great incidence of the condition among 
the cobalt miners in Schneeberg, Saxony, is 
proverbial. Increased smoking of tobacco has been 
mentioned also. None of these things have been 
proved to be significant. In our series it is 
interesting to note that five of the eight men 
patients were heavy smokers of cigarettes, al¬ 
though this may not be greater than any unselected 
group of men. We also note that of this group two 
had been for a long time restaurant cooks and one 
a baker. Another dated his symptoms from his work 
in an oil field, where he was exposed to fumes 
which were quite irritating to him. Two others 
had a history of chronic cough off and on for as 
long as they could remember. These findings, 
while suggestive, are not presented as proven 
etiological points in these cases." (pages 
248-249) 

"The etiology of carcinoma of the lung is obscure; 
attempts to produce it experimentally having up to 
the present failed. Some writers have tried to 
explain the recent increase in the recorded 
numbers by blaming petrol fumes, tarred roads, oil 
fumes and tobacco. The condition, however, is 
probably as common in South Africa as anywhere 
else in the world, and one has seen cases in 
people who have never been in a motor-car and who 
saw tarred roads for the first time on arriving at 
the Somerset Hospital for investigation." (page 
475) 

Harmos "Among the predisposing etiological factors 

various inflammatory lung diseases, such as 
influenza, bronchitis, bronchiectiasis and 
tuberculosis have been listed. Chronic irritation 
from the inhalation of smoke and dust has also 
been blamed. Arkin and Wagner (3613) found 90 
percent of their patients were chronic smokers. 

All of our patients were heavy smokers. Jaffe 
believes syphilis, by causing a chronic Irritation 
of the bronchial mucosa, may be of importance in 
the pathogenesis of lung cancer. Syphilis was 
present in 24 per cent of his cases. The 
inhalation of automobile exhaust gases and the 
emanations from tar on roads are other agents 
advanced to explain the growing incidence of 
pulmonary malignancies", (pages 22-23) 
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(3929) Hochberg & Lederer "Numerous theories have been advanced as to the 
New York bearing of inhalation of dusts or of tar from 

roads as a possible etiologic factor in carcinoma 
of the lung. No evidence of any such connection 
has ever been proved. Nor have tuberculosis, 
influenza, tobacco and war gases been shown to be 
etiologic agents, x x x. Kennaway and Kennaway 
(3632) have shown that the factors which lead to 
silicosis appear not be active in the production 
of cancer of the lung. They also have shown that 
in certain open air occupations in which there Is 
exposure to the dusts of the road, the percentage 
of cases of carcinoma of the lung was high, where- 
.as drivers of motorcars had a normal incidence. 

In this study they also showed that workers 
exposed to coal gas and tar tend to have a higher 
incidence of cancer of the lung." (pages 81, 82) 


Group (c) Question health hazards of occupational/environmental factors 
with no mention of tobacco smoking. 

Authors 

6eqraphic Location _ Results and Comments _ 

(3026) Boyd "The literature contains suggestions as to count- 

Canada less etiological factors. Of these only three 

need be mentioned - tuberclosis, influenza and the 
inhalation of irritating subtances. The first two 
have played no part in my own material. Re* 
garding the third it is more difficult to be quite 
so definite, for the variety of possible irritants 
is great. It has been pointed out by numerous 
writers that the recent increase in the incidence 
of carcinoma of the lung coincides with the enor¬ 
mous increase in automobile traffic, the inference 
being that the inhalation of exhaust gases stimul¬ 
ates the bronchial mucosa to malignant growth. 

The widespread tarring of roads has been similarly 
blamed. In Western Canada there are no tarred 
roads, and most of the patients come from country 
districts where the contamination of the air by 
exhaust gases is negligible. I have never seen a 
case in a garage worker, although such a man is 
continually exposed to the waste products of 
gasoline in concentrated form." (page 240) 

(3037) Maxwell & Nicholson "In the present series of London cases sixty-six 
Great Britain were engaged in indoor and thirty-four In outdoor 

occupations. It must be remembered that a 
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(3121) Peet 
Great Britain 


hospital in a large city draws its patients from a 
considerable part of the surrounding country, and 
the proportion of indoor to outdoor workers will 
vary with the proportion of city to country dwel¬ 
lers admitted. Also, we cannot be sure as to the 
length of time for which the occupation stated in 
the clincial notes had been followed, and we have 
to accept these statements at their face value; 
changes in occupation, recent or old, are not as a 
rule reflected in the notes, so that the classifi¬ 
cation is open to a very serious fallacy. Again, 
in many cases it is not easy to generalize as to 
the precise nature of some occupations on the 
lines of this classification, and such cases 
weaken the value of these figures. After careful 
-consideration we have reached the conclusion that 
from our own figures, at least, there is no evid¬ 
ence to suggest that the outdoor worker Is more 
liable to contract a bronchial carcinoma than his 
indoor colleague, and that the assumption of some 
atmospheric impurity to explain the Increase in 
incidence of the condition is not justified by the 
evidence. 

It must also be remembered that nearly the 
whole population spends so much of their leisure 
time nowadays in the open air that such possible 
aetiological factors as tar and road dust and 
fumes^of oil and petrol are likely to be of almost 
v equal importance in all irrespective of their 
occupation. 

With regard to specific occupations, there was 
none which occurred with marked frequency In this 
series, nor post mortem was any occupational le¬ 
sion found which might have been held to account, 
even in part, for the presence of the growth." 
(pages 21-22) 

"Much also has been made of the Inhalation of tar 
emanations as a possible aetiological factor, and 
although there has been an increase In the 
practice of tarring roads, there is Insufficient 
evidence to justify correlating this fact with the 
increased incidence; nor has any association been 
found between the disease and tar workers. 

Ewing's (1919) dictum that in pulmonary carcinoma: 
'The chief aetiological factor is pulmonary tuber¬ 
culosis,' has not been confirmed by this study. 

In none of the cases was there evidence of pulmon¬ 
ary tuberculosis of an extent and character such 
as could be related to the carcinoma." (page 106) 
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(3438) Sears 
Great Britain 


(3433) Edwards 
Great Britain 


(3530) Andrus 
New York 


(3626) Rice 
Wisconsin 


(3815) Stein & Joslin 
Illinois 


"Exhaustive studies of the occupational incidence 
have been made, and, although the labouring class¬ 
es appear to be most often affected, no occupation 
was found predominant. Many irritants such as 
road dust, tar and exhaust fumes have been sug¬ 
gested to account for the statement made by some 
observers that the disease is more common in out¬ 
door workers, but as yet no definite conclusions 
have been reached, and the aetiology is as obscure 
as that of cancer in general. It can be said, 
however, that infection and other types of 
irritation do produce epithelial metaplasia which 
is suitable soil for the development of cancer." 
(page 106) 

"As far as can be determined at present, occupa¬ 
tion does not appear to be of any etiologic 
importance; and, although the previous history 
often contains evidence of influenza, bronchitis 
and pleurisy, it is more than probable that these 
are the first signs of the malignant changes in 
the lung rather than actual predisposing factors." 
(page 108) 

"A survey of the occupations of these patients 
yields nothing which might in any way be consider¬ 
ed as of etiologic significance. Eighty per cent 
did inside work or desk work, while 20 per cent 
worked out of doors; of the latter there was one 
stonecutter, four were 'laborers,' three were 
farmers, one a gardener, and one a bricklayer." 
(page 236) 

"The occupations of these patients also appeared 
to be of little significance. The distribution of 
indoor and outdoor work was similar to that of the 
hospital admissions as a whole and the number 
engaged in occupations with special hazards was no 
greater than for the unselected cases." (page 
907) 

"Although an exhaustive study was made of the 
various occupations in this group, no conclusions 
of any significance could be drawn. At least 75 
different occupations were represented, the 
largest group being farmers or common laborers. 
Eight, or 5 per cent, of the patients had been 
coal miners but 4 of these also had been employed 
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(3812) Boyd 
Canada 


Source: 


in other occupations. In addition there were 2 
patients whose occupations conceivably might have 
had some bearing upon the disease. One patient 
had worked originally as an ore miner, later as a 
metal plisher and motor assembler. A second 
patient had been employed for 7 years as an emery 
polisher inhaling fine particles of emery dust. 

Rosedale and McKay (3621) state that 75.4 per 
cent of the patients listed in their group of 57 
were employed in occupations requiring exposure to 
dust or other irritating atmospheric factors. It 
is difficult to evaluate properly the part that 
dust and irritative atmospheric factors play in 
the etiology of carcinoma of the lung, especially 
in patients coming from large cities or industrial 
centers. There have been no conclusive facts 
shown as yet to prove that the above are of major 
importance." (page 904) 

"These are nearly all based on the supposition 
that some carcinogenic agent is inhaled from the 
air, some agent which we owe to recent industrial 
and scientific advances. The favorite culprit is 
tarring of roads, an idea supported by,the 
indisputed facts that tar when applied to the skin 
may produce carcinoma, and that inhalation of tar 
dust may produce cancer of the bronchial tree in 
the experimental animal. This is as reasonable as 
to say that cancer of the skin in man is usually 
caused by tar, or that the ingestion or inhalation 
of aniline dyes is the common cause of carcinoma 
of the bladder. 

The material on which this paper is based 
represents a cross section of the city of Winnipeg 
and the province of Manitoba, a part of the coun¬ 
try where tarred roads are remarkable for their 
absence. Nor can the inhalation of automobile 
waste products be a factor of importance In the 
great open spaces of the Western prairie. The 
disease is common in Russia where there Is no 
tarring of roads and few automobiles. Or. E. L. 
Turner, who spent ten years at Beyrut, Syria, 
assures me that cancer of the lung Is as common 
there as in Philadelphia, yet most of his patients 
lived under the same conditions as did their 
forefathers in the days of the Pharaohs." (page 
318) 
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Group (d) Question health hazards of occupational/ environmental 
factors with mention of tobacco smoking. 


Authors 

Gegraphic Location _ Results and Comments 


(3003) Davidson 
Great Britain 


(3222) Brockbank 
Great Britain 


"Tobacco, war gas, petrol fumes, dust, and tar 
from the roads have all been subject to discussion 
as possible and likely sources of irritation, but 
it cannot be said that any observations have been 
made so far which justify definite conclusions as 
to the aetiological importance of these factors, 
and such control evidence as there is does not 
lend much support to the theories in its favour. 

The Brompton Hospital records do not add anything 
material to the facts furnished by the above 
investigations. Of the 107 cases, confirmed by 
autopsy, the occupational incidence was as 
follows: Housework (including married women, 
unmarried housekeepers and domestic servants), 11; 
labourers, 9; painters, 4; porters, 6; clerical 
work (L.C.C. clerks, civil servants, post-office 
clerks), 11; policemen, 2; travellers, 3; motor 
drivers, 2; chauffeur, 1; engine driver, 1; steam- 
wagon driver, 1; carman, 1; not recorded, 9. This 
makes a total of 61. The remaining 46 comprise 
all sorts of artisans and workers in different 
shops, stores, etc., railway officials other than 
porters, and various occupations not included un¬ 
der the above descriptions. After deducting from 
the total numbe” the 9 cases where occupations 
were not recorded, the remaining 98 were divided 
into indoor and outdoor workers respectively, so 
far as it was possible to differentiate these, 
having regard to the fact that some of the 
occupations specified included workers in both 
classes, with the result that equal numbers were 
found (49 of each). Deducting the 18 females from 
the indoor workers, we have 31 indoor occupations 
to 49 outdoor occupations among the male cases. 
From this it can hardly be suggested that any 
special conclusion can be drawn as regards indoor 
and outdoor occupations in relation to the disease 
in question." (pages 34, 36-37) 

"An Investigation of the occupations of 898 cases 
of primary lung cancer collected from the 
literature suggests that the labouring classes 
predominate, although no one occupation stands 
out. Poison war gas, tobacco smoking, road dust, 
and motor-car fumes are all possible aetiological 
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(3212) Rogers 
Austria 


(3627) Fleckseder 
Germany 


(3603) Craver 
New York 


factors. The occupations of sixty-two cases have 
been investigated in some detail. Nine (14.5 per 
cent.) seemed to have definitely dusty jobs, and 
eighteen (29 per cent.) worked amongst gases and 
fumes. Four were badly gassed in the war, and 
nine smoked excessively." (page 37) 

"A study of environment or occupation proved of 
little significance. The patients were all born 
either in Austria or in one of the adjacent 
countries, and were all from the working class. 

The number of years spent In large or small 
communities, factory centers, farming districts, 
etc., was not obtainable from the existing 
records. The occupations were varied, and were 
thirty in number. In only one patients was a 
history of a chronic cough as a result of his 
occupation noted. This patient was an upholster¬ 
er. The largest number in any one occupation was 
among the women, 6 being domestic servants. Of 
the 39 men only 5 could be said to have been 
subjected to more than the average amount of 
respiratory Irritation, as far as their stated 
occupations were concerned. Irritating fumes of 
any sort, with the possible exception of tobacco, 
did not seem to play a role." (pages 1058-1059) 

"The profession of our patients does not seem to 
have had a significant influence on the develop¬ 
ment of BrCa. For painters, vascular damage 
caused by lead, for waiters and coffee makers, the 
harmful effect of tobacco smoke could play a role. 
The relatively large ratio of outdoor professions 
is somewhat noticeable and can possibly be attrib¬ 
uted to the more frequent occurrence of different 
lung diseases in these profession." (page 4 of 
English translation) 

"Claims have been made, both for and against the 
etiological role of tobacco smoking In cancer of 
the lung. In 48 male patients with cancer of the 
lung who gave a statement about their use of 
tobacco, 31 of 64 per cent were classed as having 
smoked to excess. In 10 Instances this history of 
heavy smoking was associated with the factor of an 
occupation that was probably irritating, in 3 
Instances with a history of repeated or severe 
respiratory infections, and in 4 Instances with 
both an occupational factor and a history of res¬ 
piratory Infections. On the whole, these figures 
do not seem very impressive, and seem almost to 
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(3724) Husted & Biilmann 
Denmark 


(3705) Frissell & Knox 
New York 


(3855) Frank 
Colorado 


call for the assumption of some additional factor 
of special susceptibility of the bronchi to forms 
of irritation that are probably present to an 
almost equal degree in subjects who do not develop 
cancer of the lung.” (page 351) 

"With regard to the significance of the noxious 
influence of some particular occupations, the_ 
present material offers absolutely no suggestion 
of that kind. These patients, eight women and 27 
men, came from all classes of society and 
represented a quite accidental mixture of all 
occupations, without predominant frequency of any 
occupation or group of workers. It is quite true 
that no mining is done in this country, but apart 
.from one patient who was a stoker the material 
contains no cases in which it would be reasonable 
to assume that the patient had been exposed to the 
effect of dust and smoke more than all other 
persons in general. In this connection it is also 
to be mentioned that any marked degree of anthra- 
cosis of the lungs was found in two cases only. 
Tobacco has frequently been discussed as an etiol¬ 
ogical factor, but our patient material includes 
no tobacco workers, and according to the case re¬ 
cords only four of the patients were particularly 
heavy smokers." (page 351) 

"In our series of cases occupation did not play a 
significant part. There were no miners in the 
series and only 3 were engaged in dusty trades - a 
bricklayer, baker, and fireman. Neither were the 
habits of the patients of significance, except for 
the well-nigh universal use of tobacco. One had 
been a victim of war gas. Ten of the cases were 
in females, 36 in males." (page 223) 

"Chromates and tobacco smoke have also been 
implicated. Carcinogenic agents have been studied 
extensively. 'For many years it has been known 
that a variety of agents are capable of inciting 
malignancy (Andervont). Among these are the sex 
hormone estrin, benzopyrene, an azo-compound (o- 
amido-azo-tuluol) and 1.2,5,6-dibenzanthracene. 
Since 1930, approximately forty-five definite 
chemical compounds have been discovered which are 
capable of eliciting tumors in experimental anim¬ 
als. Up to the present, there is no possibility 
of arriving at any generalization regarding 
molecular structure necessary for cancer Inciting 
properties. The only property common to the 
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various compounds is the presence of at least two 
benzene rings. It has been found that the lungs 
of one particular strain of mice are delicate test 
objects for the carcinogenic activity of 1,2,5,6- 
dibenzanthracene; for, in so far as macroscopic 
evidence is concerned, the pulmonary tumors 
appeared earlier than those arising at the site of 
subcutaneous injection. The fact that tumors 
appear in the lungs of some mice following the 
subcutaneous injection of 1,2,5,6-dibenzanthracene 
may be of interest, for it suggest that inhalation 
of carcinogenic agents may not be essential for 
the development of some pulmonary tumors of other 
species. 

According to the Kennaways (3632), workers 
. exposed to coal gas and tar, and those engaged in 
the preparation and sale of tobacco, tend to show 
an increased prevalence of cancer of the lung. 
Occupations concerned with the supply of alcohol 
have a high incidence of cancer of the larynx. No 
evidence has been found that tarring of roads has 
affected the incidence of cancer of the lung in 
the general population. Such data as are avail¬ 
able suggest that coal tar in the atmosphere from 
any source does not readily give rise to this 
condition." (page 469) 

The above list does not identify the sepcialty of authors but this can be 
derived by re-examining the articles. It may prove enlightening to determine 
the specialty of authors who question environmental/occupational factors and do 
not mention tobacco smoking. Boyd, a Canadian pathologist who wrote a textbook 
on human pathology, also wrote two articles eight years apart (3026, 3812). 

He, and possibly other contemporaries, appeared to have favored intrinsic or 
hostal predisposition factors, and questioned the importance of extrinsic 
factors, environmental/occupational, as well as tobacco smoking. 

Lung cancer deaths in Sheffield tradesmen. Turner and Grace analyzed 
twelve occupational groups of males in Sheffield, England, from 1926 to 1935 
inclusive. Lung cancer comprised 9.6 per cent of 3861 cancer deaths. The 
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following groups showed significantly greater lung cancer mortality: foundry 
workers and .smiths, grinders, engineers and transport workers; compared to 
mortality experience by clerks, business and professional men (3811). These 
observations confirm essentially those of Duguid (2721) and the Kennaways 
(3632). 

Lung cancer deaths In U.S. veterans. Nolan reviewed 1250 autopsy 
records of the Veterans Administration from 1921 to 1932. Lung cancer deaths 
were 0.88 percent of all autopsies, and 9.2 percent of all cancer deaths 
(3211). Matz reviewed records up to 1937 and noted that lung cancer deaths 
were increased to 2.4 percent of all autopsies in 1932, and 5.3 percent in 1937 
(3856). Of the 138 lung cancer patients, 36 percent gave a history of being 
connected with occupations or industries in which there was a possibility of 
irritation and traumatization of the respiratory tract. The fact that so large 
a percentage had been engaged in occupations which caused respiratory tract 
irritation was supportive of occupational etiology of lung cancer. 

Japanese Research on Experimental Carcinogenesis . 

The positive results reported from Japan were cited by Harris as to why 
American tobacco companies should have conducted research on lung cancer. 
Before Pearl Harbor, Japanese scientists published through Nipponese medical 
journals that were rarely read by Americans. For the benefit of Westerners, 
important medical developments were contributed to German journals and 
occasionally in American or British publications. In 1937, Klnoshita 
summarized the studies on 'cancerigenic* chemical substance conducted by 
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Japanese investigators. The chronology of events derived from Kinoshita's 
review and other sources was as follows: 

1905 Yamagiwa proposed that "repetition or continuation of chronic Irritation 
may cause a precancerous alteration in epithelium previously normal." 
(see ref. 1814) 

1914- Yamagiwa & Ichikawa confirmed Yamagiwa's hypothesis by painting coal tar 
1918 on rabbit ears for 70 to 150 days resulting in metastasizing 
epithelioma (1513, 1814). 

1923 Kimura reported adenocarcinoma In guinea pig lung following Intra- 
bronchial insufflation of coal tar (2321). 

1930 Arai & Kikitsu reported lung cancer cases but no Information on smoking 

habits (3038). 

1931 Chikamatsu tested tobacco tar in rabbits and mice (3129). 

1932 Yoshida reported hepatic cancer in rat following oral administration of 

o-aminoazotoluene (Cited in 3711). 

1937 Taki tested substance isolated from tobacco tar (3737). 

1937 Kuroda reported coal-generator gas workers developed lung cancer (3738). 
1937 Kinoshita reported hepatic cancer in rat following oral administration of 
butter yellow or N-methylated compound of o-aminoazotoluene (3711). 

I personally would have doubted the credibility of Kinoshita's report if 

his article was read after Japan occupied China and Southeast Asia (see pp 47, 

48 above). Taki "collected tobacco tar from Japanese tobacco pipe which was 

first dissolved in ether and filtered, and then this ether solution, after 

shaken with hydrochloric acid and repeated with water to eliminate pyridin, 

nicotine, etc., was separated and condensed by evaporation. The product was 

applied twice weekly to the skin of mice. During the experiment the number of 

animals was increased on several occasions, until the total number was 104.0 of 

this number, 94 died in 100 days or less. Out of the surviving 10, five have 

already passed the 130 day mark, two of which shows cancers and the other three 

papillomas. In one case the first papilloma was noticed after 85 days." This 

is Kinoshita's description of Taki's experiment that was subsequently published 

in Japanese (3737); an English translation has become available. Kinoshita 

has characterized Taki's results as Indicating that "tobacco tar" showed 
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"high carcinogenic potency" but he did not mention any reference compound for 
comparison. A Japanese scientist is needed to translate the articles published 
prior to, and after 1937. There are reports on experimental carcinogens such 
as: constituents of coal tar, constituents of tobacco tar, hormones, 
cholesterol, sugar-tar, and pityrol (tar residue formed during polishing of 
rice). The available information suggested that Japanese scientists by 1937 
suspected coal tar as a pulmonary carcinogen based on animal experiments and 
lung cancer among coal gas workers. As to smoking and lung cancer, I could not 
find articles by Japanese on smoking habits of lung cancer patients. Arai and 
Kikitsu reviewed 4,663 autopsy records from "34th year of Meiji or 1901, to the 
15th year of Taisho or 1926", or starting a quarter century before the ascend¬ 
ency of the late Emperor Hirohito. Lung cancer in Japanese was 2.6 percent of 
all cancer cases, whereas European figures during the same period exceeded 10 
percent. Arai and Kikitsu reported that there was one case associated with 
external injuries to the chest, two followed influenza, and three were employed 
in dusty occupation (3038). There was no mention of smoking habits. The 
authors cited European publications relating to dust inhalation and lung cancer 
i.e. Hampeln (2328), Schmorl (2329), and Uhlig. 

European Research on Experimental Carcinogenesis . 

The animal experiments needed to support the coal tar hypothesis were 
conducted at research laboratories In Europe. There were six laboratories in 
Great Britain, one in Scandinavia and another one in France. During the 
1930's, the Germans were no longer active in animal coal tar experiments and 
instead directed their interest to "tobacco tar". It was rumored that the sale 
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of tobacco, monopolized by Jewish merchants, had to be discouraged by Nazi 
physicians, disguised for health reasons (see Chapter IV). 

Research Institute of the Royal Cancer Hospital, London. Unlike the 
Cancer Research Institute headed by Roffo in Argentina, the policy at the 
London Institute was to have scientists publish under their own names: E.L. 
Kennaway, I. Hieger, J.W. Cook, C.L. Hewett, G. Barry, G.A. Haslewood, W.F. 
Mayneord, W.E. Bachmann, A. de Dansi, C.G.M. de Worms and A.M. Robinson. The 
chronology of their accomplishments was as follows: 

(2415) Kennaway Reviewed literature on chemistry of seven forms of 

tar reported to produce skin cancer in workers. 

(2416) Kennaway Isoprene heated 720 to 920 C. 

(2517) Kennaway Yeast, human skin, Durnham coal, California 

petroluem, isoprene and acetylene heated 720 to 
929 C. 

(2524) Kennaway Anatomical distribution of occupational cancer. 

(2825) Kennaway & Sampson Cholesterol heated. 

(3039) Kennaway Aluminum chloride added to tetralin, acetylene, 

xylene, naphthalene, bromobenzene and tetrahydro- 
naphthalene, pure synthetic l:2:7:8-dibenz- 
anthracene. 

(3040) Kennaway & Hieger Fluorescence spectra bands at 4000, 4180 and 440 

Au. for most carcinogenic materials. 

(3233) Cook, Hieger, Test for skin-cancer producing action on mice for 

Kennaway & Mayneord polycyclic aromatic hydrocarbons Including dibenz- 

antracene. 

(3333) Cook, Hewett & Hieger Isolated and synthesized skin-cancer producing 

hydrocarbons from coal tar Including benzpyrene. 

(3544) Barry, Cook, Isolation of tetracyclic and pentacyclic hydro- 

Has lewood, Hewett, carbons from coal tar. 

Hieger & Kennaway 

(3739) Hieger Fluorescence spectrum of 3,4-benzpyrene. 
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(3740) Bachmann, Cook, Derivatives of methylcholanthrene, benzanthracene, 

Dansi, de Worms, benzpyrene and benzphenanthrene. 

Haselwood, Hewitt 
& Robinson 

(3741) Cook, Haslewood, Review chemistry and experimental carcinogenicity 
Hewett, Hieger, of polycyclic aromatic hydrocarbons. 

Kennaway & Mayneord 

I have rated the above record of accomplishments as the most outstanding for 
the 1920's and 1930's. It should be noted that Harris used three of the 13 
above articles and concealed the purpose and outcome of the studies. The 
overall purpose of Kennaway and his collaborators was to develop chemical 
(fluorescence) and biologic (mouse skin painting) tests for identification of 
carcinogenic compounds in coal tar. They were able to identify the most active 
cancer-producing compounds yet encountered as belonging to the cholantherene 
group and were of special interest on account of their structural relationship 
to bile acids. The carcinogenic properties of 3,4-benzpyrene, a constituent of 
coal tar, and 1.2-benzanthracene derivatives were described. However, the 
group lamented that "little progress has been made in elucidating the mechan¬ 
isms of cancer production by chemical compounds," although they enumerated a 
number of genetic and other factors that influenced carcinogenesis such as 
hormones, diet and radiation. 

"The results obtained in the last few years have shown that a 
variety of tumours, as carcinoma of the skin, kidney, testis, 
bladder, liver, and uterus and sarcoma of the subcutaneous tissue, 
peritoneum and spleen, can be Induced by pure chemical compounds 
and doubtless many of the negative Instances collected under 
heading VI, p. 235, will be eliminated by the use, either of known 
compounds in other media, or of compounds not yet tested, or not 
yet synthesised. All these results Indicate that the variety of 
tumours which occur naturally in different organs, and in differ¬ 
ent species, might be due to the production under conditions of 
disease of a variety of carcinogenic chemical compounds. But the 
mere fact that one can Imitate a natural process by the use of an 
artificial agent does not of course prove that one has discovered 
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the actual agent by which the natural process is brought about. 
Thus, many compounds will produce oestrus, and it is certain that 
some of them at least are not the causes of natural oestrus. 

Again, calciferol is antirachitic, but there is now evidence that 
it is not the antirachitic substance occurring normally in 
animals. Hence, the line of investigation that now requires to be 
followed in cancer research is not so much the production of 
tumours by artificial means as, what is incomparably more diffi¬ 
cult, the discovery of the actual factors by which the naturally 
occurring tumours are induced. 

The high incidence of experimental cancers induced by many 
workers in different parts of the world in an appropriate tissue 
and species under the influence of one of the more active carcino¬ 
genic compounds, as benzpyrene or methylcholanthrene, suggests 
that the introduction of some extraneous factor is not essential 
for the onset of cancer, although one would not deny that such 
factors may exist, and may give rise to some forms of cancer. 

The increase in the frequency of a naturally occurring form of 
cancer, as, for example the occurrence of cancer of the lung in 20 
per cent instead of in 5 per cent of mice, in the presence of a 
known carcinogenic agent suggests that this agent can summate with 
the unknown, naturally occurring carcinogenic factor to give an 
effective stimulus. Burrows has evidence (in course of 
publication) that in the rabbit the incidence of cancer of the 
uterus can be affected in the same way. This summation of 
causative factors suggests very interesting possibilities in the 
study of cancer. 

Investigation of the chemical carcinogenic agents, which were 
the outcome of studies of industrial cancer, has been carried a 
stage nearer the realm of normal biological phenomena by the 
demonstration of a structural relationship between certain of 
these compounds and normal constituents of the human body. The 
laboratory transformation of bile acids into methylcholanthrene 
suggests the possibility of such changes occurring in the body, 
and doubtless many workers will consider such possibilities in 
connection with future investigations concerning the formation and 
degradation of cholesterol in the animal organism. 

Attention has been directed already to our ignorance of the 
mode of action of the chemical carcinogenic compounds in producing 
cancer. Obviously it is desirable that investigation of the prob¬ 
lem should be pursued, both from the point of view of obtaining a 
better understanding of the nature of the malignant change, and 
also in connection with the search for therapeutic agents against 
cancer. The use of pure chemical carcinogenic compounds should 
materially assist such studies on account of the certainty with 
which malignant tumours may be induced by these agents under 
exactly defined and reproducible conditions." (pages 242-243 of 
ref. 3741) 
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The summation theory was not pursued by Campbell but will be discussed further 
when environmental carcinogens are individually reviewed (Part Four). 

National Institute for Medical Research at Hampstead. Harris quoted 

two of ten publications by J. Argyl Campbell on the subject of experimental 

carcinogenesis in mice. The pertinent publications were as follows: 

(3636) Campbell "It is shown that carbon monoxide breathed for prolonged 
periods (one-third of life) retards, but does not prevent, 
development of tar cancer in mice. There is no evidence 
herein in favour of the hypothesis that the recently reported 
increase in human cancer is connected with the presence of 
carbon monoxide in the air of streets, garages, factories, 
kitchens, etc. Breathing oxygen at 60 per cent, of an 
atmosphere has no effect upon development of tar cancer in 
mice." (page 245) 

(3453) Campbell "Mice were repeatedly exposed to dust obtained by sweepings 
from tarred roads and containing about 2 p.c. of tar. Cancer 
of the skin developed in 70 p.c. of those surviving long 
enough. The incidence of primary adenoma of the lung was 
increased to tenfold that of the controls: the lungs of the 
dusted mice contained much dust. The breathing of carbon 
monoxide, if anything, retarded the effects of dusting. 

The bearing of this research upon the debated increase in 
tumours of the human lung cannot be assessed at present. The 
mice were exposed to much more excessiving dusting than occurs 
with human individuals. Cleanliness prevents cancer of the 
skin in man, and the natural mechanism for removal of dusts 
from the healthy lung may suffice for the small amounts of 
dust inhaled. 

There Is the further question whether these tumours of mice 
may be compared with those of the human lung. The experiment 
with mice is to be repeated and attempts will be made to 
transplant some of the tumours; the effects of dust, with the 
tar products removed, will also be studied." (page 294) 

(3642) Campbell "1. Mice were exposed for 7 hours on 5 days each week 
during most of the lives to exhaust gases from internal 
combustion engines in concentrations somewhat resembling those 
obtaining in traffic blocks and garages. There were no marked 
effects upon the well-being of the mice. Carbon (soot) and 
lead were excluded in these experiments. 

2. Mice were similarly exposed to fumes and tarry matter 
from cigarette smoke without any marked pathological effects. 

3. The incidence of primary lung tumours in mice Is 
considered in detail. These tumours are usually rare before 
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the latter half of the second year of life. Exposure to 
exhaust gases has little effect upon this incidence when 
compared with the controls. The incidence for the tobacco 
group of mice is on the high side, but these mice survived 
longer than the other groups. 

4. The incidence is Increased by dust collected from 
tarred roads, as shown previously. Some of these tumours are 
definitely malignant in appearance. It is not known yet 
whether the dust freed from tar has any Influence; this 
question Is under examination, and the results should be 
available in a few months. Age and heredity have an Influence 
on the incidence of these primary lung tumours of mice, but 
these factors are not responsible for the result with the tar 
dust. This dust contained much more tar than the tobacco 
smoke." (page 157-158) 

(3742) Campbell "(1) Some evidence has been obtained recently both from 
human statistics and experiments with mice that road dusts 
(with and without tar) and other dusts increase the incidence 
of lung tumors. In mice the increase is higher when the tar 
is also present in the dust. 

(2) Gases and fumes from internal combustion engines under 
ordinary circumstances do not influence the incidence of lung 
tumors. Motor vehicles may however play some part by 
constantly stirring up the fine road dust. 

(3) Some statistics indicate that workers with tobacco are 
liable to cancer of the lung and larynx. Some animal 
experiments give evidence that tobacco smoke and fumes may 
cause a slight increase in incidence. Further work Is 
required, but this factor does not appear so important as the 
road dust. 

(4) Animal experiments indicate that heredity may play an 
important part in susceptibility to lung tumors. The 
susceptibility may be increased by subcutaneous injection of 
certain agents. Even here it is suggested that the Irritant 
or stimulus to start the tumor comes from the external 
environment. Under ordinary conditions this stimulus may be 
below the threshold. 

(5) The earlier work with animals was of too short a 
duration to obtain undeniable evidence regarding the effects 
of dust etc. upon the incidence of lung tumors and more 
experiments of a prolonged nature are required. Lung tumors 
are late in development. 

(6) So far as the evidence goes It supports the 'Irritant' 
theory for cancer of the lung and indicates that there may be 
several irritants - coming from the external environment - and 
several factors e.g. heredity capable of exerting an 
Influence. 

(7) There is no substantial reason why the results for 
experiments with mouse lung tumors should not be applied to 
man." (pages 456-457) 
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(3743) Campbell "(1) It was shown previously that dust from tarred roads 
causes cancer of the skin of mice. Road dust minus tar, as 
removed by benzene, does not cause cancer of the skin of mice; 
it stimulates the production of lung>tumours In mice, but not 
to so great an extent as when the tar is also present. Lung- 
tumours are rare in mice before they are 12 months of age. 

(2) The dust does not cause any obvious inflammatory 
reaction - apart from the tumours themselves - in the lung 
or lymph-glands. 

(3) Perhaps the presence of lung-tumours amongst some of 
the control mice is due in part to the dust breathed from the 
contents of their boxes or from the general atmosphere. This 
dust may contain a carcinogenic agent, e.g. tar, or it may 
'irritate* the lung without obvious inflammatory reaction. 

(4) Tar, either by a direct action on the lung Itself or 
indirectly by some action on other tissues, or both, stimul¬ 
ates the production of lung-tumours in mice and hastens their 
appearance. 

(5) Metastases from lung-tumours in mice are recorded, for 
the first time in this country, so far as we know. The major¬ 
ity of the lung-tumours in the dusted mice are malignant." 

(page 223) 

(3857) Campbell "Sir, - With reference to the recent annotation (Br Med J 

March 26, p. 682) on the subject, some further information may 
be of interest. In some respects it is possible to bring the 
Joachimstal (and presumably Schneeberg) miners' lung cancers 
into line with those observed in metal grinders and in the 
mice exposed to road dust. In all cases, besides silica in 
some form, iron is present in the dust. Some of the inorganic 
contents of the Joachimstal dust resemble very closely those 
of the road dust, which produce lung cancer in mice. The 
presence of some form of iron and silica in these dusts is 
suggestive, and further experimental work is In hand dealing 
with this aspect of the problem." (page 955) 

(3953) Campbell "(1) Tarry matters from the following have been tested for 
carcinogenic potency, using the mouse-skin test: Dusts from 
tarred roads; cigarette smoke; chimney soot; soot from 
exhausts of internal combustion engines burning heavy oil; a 
binding material in cardboard. 

(2) As proved by the production of skin cancer, the tarry 
matter from tarred roads contains potent carcinogenic agents 
as does chimney soot, but under ordinary conditions'the effect 
of the latter in its action on the skin seems to be mitigated 
somewhat by the presence of the carbon of the soot, while the 
effect of the former seems to be aided by the presence of 
inorganic constituents. 
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(3) Cigarette smoke, under ordinary circumstances, gives 
rise to tarry matter which may occasionally produce hyper¬ 
plasia and cancer of the skin after prolonged application. 

(4) Tarry matters from the motor-exhaust soot and from 
the cardboard tested do not produce cancer when painted on the 
skin of mice. 

(5) Exhaust soot suspended in the atmosphere slightly 
Increases the incidence of lung tumours in mice, while chimney 
soot does not produce any noticable increase, the dust from 
tarred roads appears to be the most dangerous source of 
carcinogenic agents; when inhaled it gives the highest 
incidence of lung tumours in mice. It is considered that here 
again the inorganic constituents in this dust (for example, 
silica, iron) enhance or aid the effect of the tar, while, on 
the other hand, the carbon of soot tends to mitigate any 
effects of the tar present in producing tumours of the lungs. 
Irritation without inflammation appears to play a part in 
genesis of these tumours both in control and experimental 

mi ce. 

(6) Although some primary lung tumours in mice are simple 
adenomata, other tumours reveal characters of typical 
malignancy with production sometimes of metastases. Further 
examples of metastases have been obtained." (page 131) 

(3954) Campbell [Response to annotation in Lancet, see below] 

Harris misunderstood Campbell's interpretation of the experimental 

results, probably because he examined only two publications (3642, 3953). Even 

the two he selected did not specifically state that cigarette smoke was a cause 

of lung cancer. A reading of an annotation in Lancet would have avoided the 

confusion (3643). 

"In the present experiment the mice, on the per kilo basis, 
were exposed to conditions resembling at least those of a more 
than moderate cigarette smoker. Nevetheless there was no effect 
of any Importance upon death-rate, body-weight and rate of growth 
of mice. There were 17 experimental mice and 11 control mice with 
primary tumours of the lung; the increase in the case of the 
former will be discussed later. Three of the experimental females 
showed mammary carcinomas. The other pathological changes 
resemble those given for the mice in Exp. A and are of no obvious 
significance. Fertility was tested, and there was no change 
compared with the controls. 

Although suggestive, we do not consider that the incidence of 
lung tumours in the cigarette smoke experiment Is high enough 
above that for the controls of the same age - 919 days - to demand 
special attention, because the increase is due to mice which 
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survived longer than those of any of the other groups (pages 
154-156 of ref. 3642) 

The second paper quoted by Harris contained the following paragraph, 
reiterating that lung tumors appearing after skin painting were related to 
spontaneous appearance because of aging: 

“'Tar' from cigarette smoke. - Cigarettes were smoked 
artificially (Campbell, 1936) and the hot smoke was passed through 
a cool glass tube, in a side bulb of which some of the substance 
of the smoke condensed to form a dark brown liquid. This was 
concentrated and painted on the skin of 23 mice in the usual way, 
twice a week for 20 months. In one case a typical epithelioma 
developed, the wart being first noticed after 16 months of 
painting. In another of these mice which had been painted for 20 
months the painted area of the skin at death was much thickened, 
and on section revealed the typical hyperplasia, which represents 
the first stage of cancer reaction to tar painting. The tarry 
matter used had not been exposed to a temperature higher than that 
produced in cigarette smoked in the ordinary way. Compared with 
the road tar this tobacco 'tar' is certainly not very active, but 
it apparently may give rise to cancer of the skin after prolonged _ 
application. 

Seven, or 35 percent., of the 20 mice living 10 months or 
longer and painted with cigarette 'tar' exhibited primary 
carcinoma of the lung. Twelve of these mice lived for 2 years or 
longer - that is, to an age favourable to the development of lung 
tumours." ( p 126, ref. 3953) 

Campbell took the opportunity in response to the annotation in Lancet, to 
justify the use of mice in the investigation of pulmonary carcinogenesis: 

"Sir. - The annotation on p. 521 of your last issue implies 
that mice are more susceptible than other laboratory animals to 
spontaneous tumours of the lung. This may be more apparent than 
real. Other laboratory animals are killed usually early In life, 
while mice, which live only about two years, are far more 
frequently allowed to fulfil their allotted span of life. Since 
tumours of the lung In mice and man are most prevalent during the 
last quarter of full life, it Is probable that the same will hold 
for other animals. At any rate it has not yet been determined for 
them one way or the other to my knowledge. Moreover Inbreeding In 
mice is much more common. 

Again you state that mice are more susceptible to carcinogenic 
tar than other animals. This may be due merely to the fact that 
in tar-painting experiments the painting usually covers only up to 
six months. This period is about one quarter, or a large 
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fraction, of a mouse's life, but a much smaller fraction for other 
laboratory animals. For a fairer comparison tar-painting should 
be prolonged for a quarter of their full lives also. Further so 
far as the evidence goes the skin of man is as susceptible to tar 
as is that of the mouse. This is why I chose mice for my dusting 
experiments. 

Your statement, that the conclusion from my dusting 
experiments is that the tar in the road dust is responsible for 
the increase in incidence of lung tumours, needs some adjustment. 

My paper, mentioned by you, indicates that tar is only one of the 
factors, since the road dust still causes a definite but smaller 
increase in incidence of lung tumours when the tar is removed from 
it. I certainly have not put so much emphasis on the part played 
by the tar alone. The inorganic constituents are under suspicion 
as well, both for man and mice, and are being tested in mice. My 
results also support to some extent the irritant theory of cancer, 
the irritation or stimulation or disturbance of the cells being 
due to the continual presence and addition of a particular dust. 

Thus constant activity is required on the part of the phagocytes 
and lymphatics of the lung. There is otherwise no inflammatory 
reaction. A cause of cancer may be prolonged irritation without 
inflammation. 

Certain statistics for human lung cancer support my findings 
for mice and I do not understand why Valade should conclude that 
my results for mice cannot be applied to man merely because, as he 
states, he could not produce cancer of the lung in 50 rats by 
intratracheal injections of methylcholanthrene; moreover in some 
cases sarcoma of the trachea was produced. With other technique 
the result might be different and tumours be produced in the lung 
as well. Valade does not mention Moller's research (2423) 
wherein he obtained cancer of the lung of rats by tar-painting. 

So far as I know, it was only a year later that the same results 
was established for mice (Murphy and Sturm (2520)). This does not 
support Valade's statement that it is easier to produce lung 
tumours in mice than in rats or other animals. I have concluded 
other experiments with mice using other different dusts and soot, 
and I do not always find it easy to increase experimentally the 
incidence of lung tumours in any strain of mice. These result add 
weight to the more positive results with road dust: they will be 
published shortly." (pages 603-604 of ref. 3954) 

The above letter explained one of several reasons why American scientists em¬ 
phasized selection of mouse strains for experimental pulmonary carcinogenesis. 

The debate on relevance of animal experiments to human cancer continued up to 

the present, although recent exponents of "Valade" have become less vocal. 
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British and other laboratories. With the exception of Watson and his 
colleagues from the University at Sheffield who studied skin tar tumors in rats 
(3334) and mice (3041), the other investigators used only mice. Twort & Twort 
from Manchester University, tested over a hundred samples of mineral oils 
including shale oils, petroleum oils, and mixtures. They reported that potency 
measured by skin painting response was related to intensity of fluorescence 
(3130, 3454). Mottram from the London Radium Institute, reported that 
precancerous lesions induced by benzpyrene became malignant as a result of 
irradiation (3546, 3762, 3859). Castration did not influence susceptibility of 
mice to sarcoma cause by subcutaneous injection of methylcholanthrene (3744). 
Mouse exposure to air-borne dust was being studied at the University of 
Birmingham and results were not available during the 1930's (3860). 

American Research on Experimental Carcinogenesis . 

In the United States, the emphasis in experimental cancer research was on 
the selection of an appropriate animal model. All available publications 
during the 1930's were on mice subjected to either inhalation of coal tar or to 
injection of a potent carcinogen previously studied by mouse skin painting. 
Seelig and Beni gnus from the Barnard Free Skin and Cancer Hospital at St. 

Louis, exposed mice to soot by mixing the powder with the bedding of cages 
(3648, 3861, 3862). The Bar Harbor black strain mice known to be resistant to 
lung tumors, had a spontaneous incidence of less than 1 percent. A 10 percent 
mixture of gas-work tar in lampblack failed to induce lung tumor in contrast to 
the positive results from exposure to chimney soot. Unfortunately a 
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susceptible strain was used in the latter experiment so that the testing 
results cou.ld not be compared. 

Shimkin, from Wolcott Gibbs Memorial Laboratory at Harvard University, 
used intratracheal administration of hydrocarbons. About 90 percent of Strain 
A mice developed lung tumors within four months after the Intratracheal injec¬ 
tion of 0.1 mg. of 1,2,5,6-dibenzanthracene or methylcholanthrene dispersed in 
0.1 cc. horse serum and cholesterol. However, since the procedure alone caused 
35 percent mortality, the intratracheal administration was discarded in favor 
of intravenous injection (3956). 

Andervont & Lorenz, from the USPHS Office of Cancer Investigations at the 
Harvard Medical School, selected a standard procedure, i.e., subcutaneous 
injection of 1,2,5,6-dibenzanthracene-lard solution to mice of several strains. 
From 1935 to 1939, nine articles were published with the following summaries: 

1. "The presence of lung tumors in mice following the 
subcutaneous injection of dibenzanthracene-lard solution cannot be 
explained at this time. Practically all the lung tumors appeared 
in strain A or stock mice. The only common factor of these mice 
is their albino coat color. The mice of strain A are of pure 
stock and show a tendency toward the development of spontaneous 
tumors, but the ordinary stock mice used in this laboratory rarely 
develop spontaneous growths. While it is known that mice of 
strain A do possess a tendency toward the development of lung 
tumors, routine autopsies of these animals reveal very few such 
growths. No instance of lung tumor has been found in 100 routine 
autopsies of the stock mice. 

Microscopic examination of lung growths showed that 
practically all were carcinomas, regardless of whether the mouse 
had a subcutaneous sarcoma or no tumor at the site of the dibenz¬ 
anthracene-lard injection. Thus, it may be assumed that the lung 
growths are primary tumors. The problem concerning lung tumors Is 
receiving further consideration." (pages 1216-1217 of ref. 3548) 

2. "In these experiments mice of strain A were given 
subcutaneous injections of a lard-dibenzanthracene solution. It 
was found that more of these animals developed lung tumors than 
subcutaneous tumors and, in addition, that the lung tumors arose 
earlier than did the subcutaneous growths. Hence it would appear 
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that the lungs of these mice were more delicate test objects than 
the subcutaneous tissues for the carcinogenic activity of 1,2,5,6- 
dibenzanthracene. 

The reason for the appearance of lung tumors in mice painted 
with tar or injected with carcinogenic compounds is unknown. The 
observations recorded in this paper indicate that in strain A mice 
the lung response occurred in a relatively short period of time. 
While it does not appear likely that 0.8 mg of 1,2,5,6-dibenz¬ 
anthracene in 0.2 cc of lard was capable of altering the body 
state of mice to such an extent that lung tumors arose so much 
earlier than under normal conditions, it is not impossible that 
very small amounts of a carcinogenic agent left the site of 
injection and came into contact with the tissues of an organ which 
are known to be extremely susceptible to tumor growth." (page 220 
of ref. 3745) 

3. In this experiment 21 females of strain A were bred to 
male's of strain C 57 black, and 21 females of strain C 57 black 
were bred to males of strain A. The mice of strain A are known to 
be susceptible to both spontaneous and induced lung tumors, while 
the mice of strain C 57 black are known to be very resistant to 
the development of all spontaneous growths, and in this laboratory 
no lung tumors have thus far been induced in them by the subcutan¬ 
eous injection of a lard-dibenzanthracene solution. The progeny 
of this mating has been designated as the first hybrid generation. 
Females ofthe first hybrid generation were mated to the brothers 
to procure mice designated as of the second hybrid generation. 

The absence of lung growths in a high proportion of uninjected 
controls of both the first and second hybrid generations shows 
that the lung nodules in the injected mice did not arise spontan¬ 
eously and, in addition, shows that the lungs of the 62 second 
generation mice killed on July 23, 1936, were more responsive to 
the induction of tumors than the subcutaneous tissues, for 43 had 
multiple lung tumors without any evidence of a subcutaneous 
growth. This finding is similar to the results obtained in other 
experiments with strain A mice. 

The presence of lung tumors in a high percentage of animals of 
both the first and second hybrid generations shows that the 
susceptibility of this organ to tumor formation induced by the 
subcutaneous injections of a lard-dibenzanthracene solution Is 
Inherited in a dominant manner." (pages 313-314 of ref. 3746) 

4. "Seven pulmonary tumors arising in strain A mice which had 
received 1,2,5,6-dibenzanthracene parenterally have undergone from 
3 to 23 serial passages in the subcutaneous tissues of normal 
mice. Three of the tumors consisted of carcinomatous elements 
mostly in the primary tumor as well as in the earlier passages, 
and all three have changed into sarcomas in subsequent passages. 
One other tumor has retained its carcinomatous structure through 
eight animal passages. It is suggested that the three tumors 
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exhibiting a change in their histological appearance arose as 
mixed tumors induced by the direct action of a carcinogenic agent 
upon both epithelial and connective tissue elements in the lungs." 
(pages 354-355 of ref. 3747) 

5. "Dog-serum and horse-serum dispersions of 1,2,5,6-dibenzan- 
thracene were injected intravenously or subcutaneously and lard 
solutions of the same compound were injected subcutaneously into 
pure strain mice. The serum dispersions, when injected 
intravenously, induced lung and liver tumors, and when injected 
subcutaneously, produced local tumors at the site of injection as 
well as lung and liver tumors. Lard dispersion, when injected 
subcutaneously, evoked local tmors at the injection site and also 
produced lung and liver tumors. 

The appearance of lung and liver tumors in mice injected 
subcutaneously is evidenced that 1,2,5,6-dibenzanthracene is 
capable of producing tumors in tissues which are distant from the 
site of injection." (page 646 of ref. 3748) 

6. When 1:2:5:6-dibenzanthracene was adsorbed on charcoal and 
injected subcutaneously into strain C3H mice, it produced tumors 
at the injection site. When charcoal was added to a horse-serum 
dispersion of l:2:5:6-dibenzanthracene and the resulting mixture 
injected subcutaneously into strain C3H mice, tumors arose more 
rapidly at the injection site than in control mice injected sub¬ 
cutaneously with the horse-serum dispersion. Induced lung tumors 
were found in mice injected with the horse-serum dispersion but 
such tumors were not observed in mice injected with the horse- 
serum dispersion to which charcoal had been added. These results 
suggest that charcoal held the carcinogenic compound at the site 
of injection. When dibenzanthracene charcoal was injected 
subcutaneously into strain A mice, it induced tumors at the site 
of injection in but a few mice, which indicates that the 
subcutaneous tissues of mice of strain A are more resistant than 
those of strain C3H to the carciogenic action of dibenzanthracene 
charcoal. Subcutaneous injection of dibenzanthracene charcoal 
into strain A mice induced very few, if any, lung tumors which is 
evidence that the dibenzanthracene was held firmly by the 
charcoal. This is regarded as further evidence that lung tumors 
are induced in mice by a direct action of the cacinogenic agent 
upon the lung tissues." (page 1939 of ref. 3749) 

7. "Reciprocal breeding was carried on between mice of strains 
C3H and I and strains C3H and Y. The female parent mice and most 
of the hybrid mice were injected subcutaneously with a lard- 

dibenzanthracene solution. The results of the investigation may 
be summarized as follows: (1) The C3H female parents were more 
susceptible to the carcinogen than either the I or Y female 
parents; (2) The hybrid mice were of intermediate susceptibility 
when compared with the susceptibility of the parent strains; (3) 
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Hybrid mice derived by mating strain C3H to strain I were consid¬ 
erably more susceptible to induced pulmonary tumors than those 
derived by mating strain C3H to strain Y; (4) Female hybrids born 
to C3H mothers and I fathers were more susceptible to spontaneous 
mammary cancer than female hybrids born to C3H mothers and Y 
fathers." (page 1670-1671 of ref. 3863) 

8. "Hepatomas occur spontaneously In strain C3H mice. Eighty- 
five female mice one year of age or older exhibited an incidence 
of 11.7 percent at an average age of 16.9 months, while 80 males 
in the same age group had an incidence of 22.5 percent at an aver¬ 
age age of 15.1 months. Pulmonary tumors also occur spontaneously 
in strain C3H mice but their incidence in mice over one year of 
age (7.2 percent in 165 animals) is lower than the incidence of 
hepatomas. Primary pulmonary tumors can be induced in strain C3H 
animals by the subcutaneous or intravenous injection of dibenz- 
anth'racene. Injection of the hydrocarbon hastens their appearance 
and increases their number. Definite conclusions are not justi¬ 
fied as to whether hepatomas are induced by dibenzanthracene or 
methylcholanthrene." (page 1168 of ref. 3957) 

9. “Parenteral administration of l:2:5:6-dibenzanthracene induced 
pulmonary tumors in mice of strains D, M, C57 brown, and C57 
black, and hybrids derived from the D and C57 black strains. These 
strains are highly resistant to the development of spontaneous 
pulmonary tumors." (page 1528 of ref. 3958) 

Magnus, from St. Bartholomew's Hospital, London, attempted to produce cancer of 

the stomach by the direct introduction of 1:2:5:6-dibenzanthracene. This was a 

failure except that lung tumors were produced in a high percentage of animals. 

"In a series of market mice with a lung tumour incidence of 
from 4 to 8 per cent, multiple bronchial papillomata were produced 
in 95.2 per cent, by the introduction into the stomach of a 
suspension of 1:2:5:6-dibenzanthracene in olive oil. It is highly 
probable that aspiration of minute quantities of the carcinogenic 
agent accounts for the production of these tumours. In 75 per 
cent, of the affected mice the bronchial papillomata showed clear 
evidence of malignancy, with metastasis in two mice. The morbid 
anatomy of spontaneous and of artificially induced lung tumours 
in mice is the same. Assuming that the material introduced did In 
fact reach the lungs by aspiration, the smallness of the doses of 
l:2:5:6-dibenzanthracene required to produce lung tumours In the 
mouse is emphasised." (page 30 of ref. 3955) 
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The above summaries illustrate the extent of research on the most potent 
polycyclic aromatic hydrocarbon causing lung tumor in mice, regardless of route 
of administration. It should be recalled that l:2:5:6-dibenzanthracene was not 
known to be present in coal tar or tobacco tar. It has remained as a 
laboratory research chemical substance. 

Bittner from the Roscoe B. Jackson Memorial Laboratory, recorded the 
occurrence of spontaneous lung tumors in A stock mice and reciprocal hybrids 
between A and C57 black stocks. He concluded that susceptibility to 
spontaneous pulmonary tumors was probably transmitted by a sigle dominant 
Mendelian factor (3864). Breast tumor incidence was high in breeding females 
and low in virgin females. Diet, per se, influenced breast-tumor incidence 
primarily through the physical condition of mice reaching the cancer age (3549, 
3959). 


Lynch, from the Rockefeller Institute for Medical Research, continued 
with studies on tumor susceptibility and heredity. In the fifth publication of 
the series, she concluded: 

"A male mouse from a strain with a high incidence of 
spontaneous lung tumors was crossed with several females derived 
from a low tumor strain. The first generation of offspring were 
then backcrossed to individuals of the original strains. The 
resulting two groups of offspring differed significantly in the 
incidence of spontaneous tumors of the lung. These facts are 
discussed in relation to others previously dscovered. It seems 
clear from the evidence presented that there are among mice 
constitutional types which differ in incidence of tumors of the 
lung and that the differences are Inherited. The number of 
genetic factors Involved has not been determined. No influence of 
sex was apparent. The possibility of there being genetic factors 
which affect tumor age will be dealt with later." (pages 759-760 
of ref. 3131) 
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Experimental Carcinogenesis in Rabbits . 

There were no application of polycyclic aromatic hydrocarbons to test 
rabbit lung. There was an abstract indicating that coal smoke over a period of 
80 days diverted into a chamber caused pulmonary fibrosis but no mention of new 
growth (3750). Rabbits have been used for study of naphthalene metabolism, 
which was relevant to the Induction of experimental cataract (3455). Papilloma 
virus was demonstrated to be transmissible from wild cotton tail rabbits to 
wild and domestic rabbits (3335). The intravenous injection of the virus 
caused malignant lesions on tarred skin (3647, 3865, 3960). It was not known 
whether the virus was transmitted from rabbit to rabbit in the process of 
tarring the ears, without intravenous injection. The carcinogenic effect of 
papilloma virus was discussed in a 1987 article by Harris in his P81 Exhibit, 
authored by Flory. 

Radiation. The review article by Ewing entitled "Tissue Reactions to 
Radiation" related to therapeutic application rather than adverse reaction to 
carcinogenicity (2604). Mice with transplanted sarcoma have been useful in 
estimating the therapeutic dose of roentgen rays and gamma rays (3451). Full 
body irradiation of mice resulted in appearance of tumors including lung and 
breast lesions (3649). Rabbit lung has been used to demonstrate the initial 
hyperactivity and late death of ciliated cells following radon implantation 
(3650). There was no experimental basis to support or exclude the possibility 
that repeated chest x-ray during the 1930's or earlier was a cause of increas¬ 
ing incidence of lung cancer. The occurrence of malignancy in workers of 
luminous watch dials was well documented (3118). A similar epidemiologic study 
on population group exposed to chest x-ray was not conducted and reported. 
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Human relevance of animal skin painting . 

The skin painting studies were conducted primarily to detect carcino¬ 
genic constituents of coal tar. The therapeutic use of any agent derived from 
coal products had to pass a safety test. Wood demonstrated that purified 
mineral oil (liquid petrolatum USP) was not the cause of cancer In skin painted 
mice (3042, 3123). Human forms of arsenic-epithelioma and keratosis (3550) 
were difficult to reproduce in mice so that there were exception to the general 
rule of usefulness of skin painting experiments. The crucial test relating to 
3:4-benzpyrene applied to human skin was conducted in 1939, prior to strict 
regulations of clinical testing. Cottini & Mazzone, from the University of 
Catania, Italy, reported their results: 

"1. Daily skin applications of a 1 per cent solution of 
benzpyrene in benzol in 26 human subjects for variable periods, 
not exceeding four months, resulted in definite manifestations 
localized to the treated areas. Erythema, pigmentation, 
desquamation, the formation of verrucae and infiltration developed 
in chronological order. Pigmentary and verrucous lesions were the 
most common observed changes. The gross and microscopic 
characteristics of each stage are described. 

2. Following the suspension of treatment after a maximum of 
120 applications or when evidence of infiltration appeared, the 
manifestations regressed completely within two to three months. 

Although reversible and apparently benign, the changes undoubtedly 
represented early stages of a process which would have ultimately 
gone on to neoplastic proliferation. In a broad sense they may be 
designated as prototypes of a precancerous process. 

3. The alterations were more pronounced in older than in 
younger individuals, and on the unprotected skin surfaces. The 
reaction of young patients with active gummatous lesions was 
comparable to that observed in the older group. 

4. In patients with pemphigus vulgaris benzpyrene produced a 
bullous eruption comparable in appearance and course to the 
spontaneous disease. The protected and unprotected skin of a 
patient with xeroderma pigmentosum, while extraordinarily 
sensitive to ultraviolet irradiation, did not react 
characteristically to benzpyrene. 

5. Treatment with benzpyrene of ulcerated squamous-cell 
cancer of the skin was followed by temporary amelioration. In one 
instance an analgesic effect was observed. Limited retardation of 
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the progress of mycosis fungoides lesions in the tumor stage 
occurred in one case after local application of benzpyrene. 

Basal-cell cancer and desquamating lesions of psoriasis or 
porokeratosis were unaffected. 

6. The assumption appears warranted that benzpyrene, if 
applied to human skin for protracted periods, would be 
carcinogenic as it is in animals." (pages 194-195 of ref. 3961) 

The above conclusion applied only to skin cancer, based on human occurrence 

simulated by skin painting in experimental animals. However, there has been no 

reported human experiment of inhaling polycyclic aromatic amines to support the 

contention that animal exposure can be applied to human cancer. It is possible 

that in the annals of human experimentation conducted by Nazi physicians, 

carcinogens were used. This subject is discussed in Chapter IV and Part Four 

of this review. 
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E. HOSTAL SUSCEPTIBILITY FACTORS 

During the 1930's, although occupational/environmental or extrinsic 
factors were being investigated extensively, the intrinsic factors Influencing 
susceptibility of host was not being overlooked. The scope of intrinsic fac¬ 
tors included heredity, diet and nutrition, acute bronchopulmonary Irritation, 
previous chest trauma, chronic pulmonary dust diseases, and pulmonary infec¬ 
tions. Additionally, there were efforts to understand immunologic responses 
influencing ultimate new growth formation in experimental animals. 

Heredity 

The most significant development in strengthening the importance of 
inherited susceptibility was the discovery of mouse strains with lung cancer, 
either spontaneously or induced by coal tar skin painting (3866). The 
susceptibility was inherited as a dominant Mendelian gene, based on breeding 
and crossbreeding of two or more inbred strains (see above under Topic D, 
Experimental Carcinogenesis.) 

According to Warthin, from the University of Michigan Hospital at Ann 
Arbor, it would take a detailed history of three generations of several 
families to show cancer proneness that was inherited (3043). He described 
familial predilection to cancer for the respiratory system in males, and for 
the breast in females. He noted several families with distinct inheritance of 
two organ susceptibility that was sex limited. During the 1980's, the oncogene 
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responsible for lung cancer and breast cancer was reported to be in the same 
chromosome (see page 23). 

Lung cancer in children was regarded by some experts as a form of 
inheritable congenital anlage that became malignant as a result of lung 
infection (3415, 3763). There were racial differences: Jews in New York City 
had higher incidence than Gentiles for lung cancer (3302), but lower incidence 
for cervical cancer (3456). There were differences between white and negro 
races in relative incidence of malignant diseases and metastasis at death 
(2733, 2841), but the series reported during the 1930's were limited in number 
to be meaningful. 

The "constitutional factor in cancer" separately from the "irritational" 
agents that produced neoplastic growth, was announced during the 1926 
International Conference on Cancer at Lake Mohawk. In an Editorial for the 
Bulletin for the Control of Cancer, Little re-emphasized the importance of 
constitutional factor which determined the tendencies towards or against the 
formation of cancer (3651). The susceptibility was "passed from one generation 
to another as part of the natural biological characteristics of the individual. 
If the constitutional factor was not present, there might conceivably be 
hyperplasia or even the formation of benign tumors, but the cancerous change 
would theoretically not be possible." The theory was "most promising" during 
the 1930's and supportive evidence became available during the next three 
decades. 
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Diet and Nutrition 


Hoffman wrote a monograph on Cancer and Diet relating to the disease in 
general (3701). There was no section devoted to lung cancer although relevant 
information was scatterred throughout the book. Hueper's unpublished study on 
the influence of sulfur-containing compounds were discussed on pages 271 and 
641 of Hoffman's monograph. The manuscript was characterized as "the best ex¬ 
position of the problem yet presented in the subject of sulfhydryl compounds." 

The manuscript was later published by Hueper and two articles are 
appended (3311, 3449). The articles indicated that Hueper was at the Cancer 
Research Laboratories of the University of Pennsylvania, prior to working for 
the Haskell Laboratory of Industrial Toxicology at DuPont. Hueper's views on 
lung cancer (2623, 2933) were not discussed in Hoffman's monograph (3701) and 
Hoffman's article on smoking and cancer (3131). 

Little wrote an Editorial on the subject of "Diet and Cancer." The 
relevant paragraphs on possible relationship were: 

"The experimental work which has been done with laboratory 
mammals has repeatedly shown that different strains of mice kept 
on the same diet may exhibit a widely divergent incidence of 
cancer. Obviously, in these cases, great differences in cancer 
incidence depend upon factors other than a diet which has been 
standardized in so far as possible. 

It is also well to remember that any problem of diet has 
several very definite phases. In the first place there is to be 
considered the actual amount of various food elements taken Into 
the stomach. This is one variable. In the second place there Is 
to be considered the physiological age and function of the various 
time elements in the digestive tract. This provides another 
variable. The third variable is the amount and rate of absorption 
of various food elements - a process which is the result of the 
Interaction of the two factors already mentioned. There then 
follows a fourth factor, namely what the body does with the 
nutritive elements absorbed. The whole question of storage, 
metabolism, elimination of waste products and other highly 
involved processes enter into the situation. 
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It does not take a great deal of technical traiuiny to see how 
complicated the whole problem of diet actually is. To prove a 
direct and simple relationship between any ele.nent in trie diet and 
the incidence of a malignant tumor is no easy matter. The number 
of carefully planned and scientifically controlled experiments in 
this field is surprisingly small. The amount of ill-conceived and 
loosely conducted investigation is discouragingly large. 

There is little prospect that the amount of the latter type of 
work can be diminished. People enjoy obtaining 'definite' results 
even though careful analysis reveals the inaccuracy of their 
findings. 

On the other hand, there is no reason why - with the avail¬ 
ability of stocks of animals of known genetic constitution - steps 
should not be taken to establish valid evidence concerning the 
possible role of different dietary elements in the etiology of 
cancer. Such experimentation will, of necessity, be slow and 
tedious, (pages 9-10 of ref. 3652) 

Little subsequently contributed to developing mouse strains necessary for 
meaningful carcinogenesis experiments, an accomplishment that can be regarded 
as largely an American contribution at a time when European and Latin-American 
scientists were already satisfied with their own experimental animals. Passey 
and his collaborators demonstrated in rats that vitamin A caused bronchial 
metaplasia (3644). 


Acute Bronchopulmonary Irritation 

The concept that bronchogenic carcinoma was preceded by pathologic or 
excessive regeneration as a result of acute injury to the airways originated 
from histopathologic studies. Bogen was among the earliest American investiga¬ 
tor who characterized tobacco smoke as an "irritant" (3653). Fried popularized 
the concept (2935) and other physicians Interested on lung cancer endorsed the 
importance of acute Irritation (3013, 3235, 3531). The concentration of a 
chemical irritant must be low enough to exert cellular death with minimal 
effect on surrounding tissue to permit cellular regeneration. In cancer-prone 
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individuals, regeneration was excessive, unlike an individual without the 
constitutional predisposition. Peller (3756) proposed a theory that irritation 
by cancer provoking agents led not only to a changed incidence of cancer In the 
irritated spot, but also to opposite changes in some of the other organs to 
which they have no relation. He could detect antagonism between cancer 
incidence between the skin and upper alimentary tract. A similar Influence 
between skin and respiratory system has not been detected nor excluded. 

Previous Chest Trauma 

Ewing wrote a review article entitled "The Modern Attitude Toward 
Traumatic Cancer" which contained a section on lung cancer (3511). The 
appearance was five years prior to the revision of his monograph (4001). The 
difference was that the review article did not mention tobacco smoke even 
though Roffo had already published the results of tobacco tar on rabbit skin 
(see above Topic D). The possibility that Ewing hurriedly added Roffo's 
observation to page proofs was discussed (page 253). Ewing rejected cases with 
a record of previous trauma followed by lung cancer, including those cited by 
Adler (1201). Ewing accepted only one case reported in 1903 by Levine as 
traumatic in origin. Ewing could not comment on a contemporary report by Jaffe 
in a cancer patient who had a bullet embedded in the lung (3516). Fried, like 
Ewing was "sceptical of any etiologic relationship between single traumatic 
Insults and cancer of the viscera" (3201). On the other hand, Behan wrote a 
monograph on Relation of Trauma to Hew 6rowths which was less critical of 
traumatic etiology of cancer (3901). 
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Chronic Dust Diseases of Lungs 

The fundamental question during the 1930's was whether exposure to 
occupational dust caused lung cancer. There was no question that fibrotlc 
reactions resulted from inhalation of free silica or quartz (silicosis), coal 
dust (pneumoconiosis) and asbestos fibers (asbestosis). One proposed theory 
stated that inhaled dust was not a direct carcinogen but the tissue response in 
turn led to new growth, provided the individual had the "constitutional" factor 
of predisposition (3552, 3751, 3752, 3753). There was no information on smok¬ 
ing habits of workers who developed chronic lung diseases. The case reports of 
lung cancer patients exposed to occupational dusts and with known smoking 
habits are tabulated above under Topic B (page 180). 

Radium miners. Since the turn of the century, miners in Joachimstal, 
Czechoslovakia, have had a high percentage of malignancies (53 percent) among 
their deaths. There was a considerable increase cancer mortality rate due to 
"an enormous frequency of pulmonary cancers in the age period of 35 to 54; an 
exceptionally high proportion of primary lung cancers, a reduced incidence of 
cancer in non-respiratory organs; an increased mortality from cancers ether 
than cancer in the younger age groups (3962). It was the conclusion of Pirchan 
& Sikl (3236) and of Peller (3962) that the lung cancer was caused by radium 
emanation contained in the air of Joachimstal pits. Ventilation had reduced 
the radon concentration but there was no immediate reduction In lung cancer 
Incidence because of long latent period of 10 to 20 years (3764). 

Miners with silicosis. The coverage on silicosis in Ewing's monograph 
(4001) illustrated his tendency to favor one group and Ignore conflicting 
opinions. As stated earlier, Ewing did not conduct any original research on 
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lung cancer, and contents of his monograph represented his favored hypothesis 
derived from the literature. He favored the concept that "silicosis exhibits 
no definite tendency to produce cancer in the lung", favoring Lanza (3806), 
Lynch & Smith (3555), Vorwald & Karr (3869). There were anonymous articles 
(3817, 3828), and other signed articles (3336, 3759) that excluded or omitted 
the possibility that silicosis was a probable cause of cancer. On the other 
hand there were publications from Pennsylvania (3452, 3722), New Jersey (3529), 
Canada (3237, 3963) and England (3336, 3436, 3832, 3965) that endorsed the 
concept that silica caused carcinoma. Any influence of miners, mining company 
and government agencies on the medical publications has been difficult to prove 
or disprove. It has been difficult to obtain workers' compensation for lung 
cancer although the federal law permitted compensation for oneumoconiosis in 
the 1970's. 

Asbestosis. Harris cited Lynch and Smith's article entitled "Pulmonary 
Asbestosis" in his written reply to the question: "Are there any of these 
diseases for the period covered by your report that was more evidence of an 
association of cigarette smoking than in the case of lung cancer?" (page 50, 
ERR). There was no mention of smoking in the cited article of Lynch ft Smith 
(3555) nor in a later article by the same authors (3964). They were among 
early investigators who reported that some asbestosis patients, because of 
irritation and metaplasia, may also develop lung carcinoma. 

The above authors were from the Medical College of South Carolina. Two 
other pathologists reported case reports of asbestosis with lung carcinoma: 
Egbert ft Geigen from Yale University School of Medicine (3638), and Gloyne from 
London Hospital for Diseases of the Heart and Lungs (3238, 3556, 3641). There 
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was no information on cigarette smoking habits. Most European physicians 
raised the possibility that asbestos fiber was the carcinogenic agent. 

Pulmonary Tuberculosis 

Although Ewing stated in his earlier monograph that tuberculosis was a 
significant etiologic factor in bronchogenic carcinoma (2801), other 
investigators continued to discuss case reports with both diseases. The only 
available article on the subject of tobacco causing tuberculosis was by Bogen 
from Olive View, California (3754) and this was cited by Harris in support of 
his statement that "although at one time tobacco was ascribed a role in the 
causation of tuberculosis, such an hypothesis was not seriously enterntained by 
the late 1930s" (SOA 7.9). Bogen's article had no references and raised 
questions that remained unanswered because of the advent of chemotherapy. 

Fried, another monographer, expressed his opinion that was contrary to 
that of Ewing's. He reported 13 cases of combined tuberculosis and lung 
carcinoma. He proposed that the process of "cancerization" of a cavity was 
analogous to "epithelization" of tuberculous cavity (3547, 3551). Similar case 
reports were published from clinicians in New York (3021, 3620) and other 
Northeastern States (3325, 3615, 3829), Midwestern States (1919), and England 
(2530, 3337). Tuberculosis has been reported to occur with silicosis so that 
differential diagnosis of the superimposed bronchogenic carcinoma became 
complex (3457). 

Hueper reviewed the controversies whether cancer favored the development 
of tuberculosis, or vice versa, or antagonism between both. After recounting 
the literature, he concluded that "the doctrine of antagonism between active 


Source: https://www.industrydocuments.ucsf.edu/docs/mrglOOOO 


2062855400 



Pulmonary Carcinogenesis, June 2, 1989 


Page 309 


tuberculosis and cancer is supported by numerous and reliable experimental and 
statistical data and pros by far more evidence in its favor than any other 
conception of this matter" (3045). Since Hueper is my personal choice for a 
posthumous expert witness, I favor his opinion instead of Ewing, Fried, and 
Bogen. 

Several case reports were published indicating that influenza preceded 
the appearance of lung cancer. Since a causal relationship was disprovtn three 
decades later, a further discussion of influenza as a predisposing disease is 
dropped during the next two decades. 

Environmental and Hostal Interactions 

Hueper and other investigators reported results of animal experiments 
that related to interactions between carcinogenic substance and the hostal 
responses leading to new growth in general. Hueper compared allergic and 
neoplastic disorders and introduced the concept that urinary bladder tumor 
formation was a form of chemical allergy, and that tumor-bearing animals showed 
vasclo-connective tissue changes following injection of bacterial Schwartzman 
active substances (3639). Hueper also described immunologic aspects of 
leukemia (3231, 3448). 

The immunological aspects of heterologous transplantation of human and 
other mamallian tumors were reported by Greene (3854). Decades later, the 
introduction of drugs with immuno-suppressive and anti-tumor effects was 
possible as an indirect outcome of these developments in the laboratory. 

Several studies were described relating to cellular responses of lung 
tissue that directly or indirectly led to new growth: influenza virus In mice 
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(3755), subcutaneous injections of asbestos fibers in rabbits (3046), 
intrapleural injections of electrolytes in rabbits (2842, 3044), vitamin A 
deficienty in rat (3644), inhalation of silicon carbide dust in guinea pigs 
(2843, 2844), intratracheal injection of silica in rabbits (3239, 3757, 3758), 
and metabolism of polycyclic aromatic hydrocarbons in rabbits (3455) and dogs 
(3554, 3760). Although human observations suggested that dyspituitarism was 
the probable cause of clubbing of fingers in patients with lung cancer (3240), 
the syndrome could not be reproduced in experimental animals. 

The influence of trauma on initiation of tumor and on site of metastases 
were studied in experimental animals (1414, 2956). By reducing oxygen content 
of blood, inhalation of carbon monoxde caused a marked retardation on rate of 
growth of mouse carcinoma (3241). Kreyberg described dietary influences on 
mice with tar skin cancer (3858) and additional details are reported in the 
next chapter (IV). 

In later decades, the subject of environment-host interactions was 
extensively studied. It was a subject that appealed ^or a cooperative e**ort 
among clinicians, biologists, chemists, biochemists, experimental pathologists, 
immunologists and epidemiologists. I have selected progress in environment- 
host interaction research as the connecting link among chapters. 
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F. THEORIES OF PULMONARY CARCINOGENESIS 

The theories of causation of cancer during the 1930's are essentially an 
extention of those discussed in earlier decades (see Chapter I and Chapter II). 
There is additional support for tobacco smoking, occupatioual/environmental 
factors and hostal susceptibility. The similarities and differences between 
the two extrinsic groups (tobacco smoking and occupational/environmental fac¬ 
tors) are summarized below. This is followed be revisions in Harris' summary 
statements that continue through Chapter IV, thus completing the literature 
review prior to 1950. The literature for the 1940’s is entitled "The Postwar 
Publication Explosion on Pulmonary Carcinogenesis" which was selected after 
collection and grouping of copies of literature. Since the entire literature 
before 1950 and 1950 to 1966 exceed 3000 articles that relate to pulmonary 
carcinogenesis, the development of a subject index has been attempted repeated¬ 
ly for the past six months. The final product called Etiologic Topical Index 
has been tested and applied to over 600 bibliographic references for the 
1930's. 

Similarities and Differences Between Tobacco Smoking and Occupational/ 
Environmental Factors . 

By reviewing the literature decade by decade, it has become apparent that 
by the end of the 1930's, occupational/environmental factors were more widely 
accepted than tobacco smoking as the extrinsic "irritant" leading to lung 
cancer. The emphasis in the selection of literature was to illustrate Harris' 
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shortcoming such as omission of additional references by the same authors, 
overlooking the considerable amount of human and experimental animal studies 
relating to occupational/environmental causes of lung cancer, and assuming that 
European, Japanese and Latin American research studies on tobacco smoking were 
credible enough to American scientists who could not ignore the political 
events between the first and second World Wars. The highlights of similarities 
and differences between tobacco smoking and occupational/environmental factors 
are separated according to subtopic headings: lung cancer monographers; lung 
cancer morbidity and mortality; and experimental carcinogenesis. 

Lung cancer monographers. Over twenty monographers devoted to human 
lung cancer were overlooked by Harris who favored Ewing's monograph on all 
forms of neoplastic diseases. The contents of twenty monographs are compared 
and I have concluded that there was more detailed discussion on etiology in 
lung cancer monographs compared to the book by Ewing. All monographers agreed 
that occupational/environmental factors were generally accepted as the 
extrinsic "irritant" on the susceptible host. The coverage on tobacco smoking 
was limited in scope or even omitted in half of lung monographs and review 
articles. The quotations on the origin of "extrinsic" hypotheses are purposely 
lengthy because the 1930's marked the decade of acceptance of occupational/ 
environmental causes of lung cancer. 

Norlbldty and mortality studies. 6erman scientists preceded other 
Europeans and Americans in recognizing that coal tar products and combustion 
emission were responsible for increasing incidence of lung cancer. I have 
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anticipated the forthcoming events by pooling together the literature on worker 
exposure and general population exposure to ambient air pollutants, under the 
heading of occupational/environmental . The increase in exposure of workers 
and general population was not documented by chemical analysis of ambient air 
or samples collected from work site because analytical techniques were not yet 
developed other than simple combustion gases such as carbon monoxide, carbon 
dioxide, and nitrogen oxides. The techniques for detecting polycyclic aromatic 
hydrocarbons were being developed in the laboratories during the 1930's and it 
would take two decades for applying them to field samples. 

The causal association between occupational/environmental exposure to the 
incidence of lung cancer was based on comparative mortality rates of occupa¬ 
tional groups in Europe. Reports from the United States were limited to case 
reports collected in a hospital. There were no case control comparisons 
because pathologists and clinicians were not yet aware of the necessity. 
Furthermore, Americans were more concerned with improving antemortem diagnosis 
and treatment rather than searching and proving the necessity of extrinsic 
factors. I have the general impression that most clinicians subscribed to the 
importance of an inherited constitutional predisposition to irritants. Since 
there were several possible irritants, and predisposition could not be 
corrected, the only resort was early diagnosis for treatment. 

The prevention of lung cancer by discovering that most lung cancer 
patients were tobacco smokers, was attractive to German and Spanish-speaking 
scientists numbering about a dozen. They cited each other's scientific 
accomplishments, including the work of three American laboratories. However, 
the majority of clinicians overlooked these reports. Implicating that tobacco 
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smoking was a cause of lung cancer which was reflected in secondary citations 
in the literature of the 1930's. Harris used the tobacco smoking articles, 
added them to those appearing in the 1940's and formulated his opinion that 
cigarette manufacturers should have undertaken research relating to lung 
cancer. But American scientists in general ignored the work of three groups in 
the United States, and works by German-speaking, Spanish-speaking and 
Japanese-speaking scientists, probably because of the spread of Nazism, 

Franco's dictatorship, and Japanese imperialism. 

Experimental Carcinogenesis. The most extensive contributions in the 
understanding of skin cancer were from England and Argentina. Roffo, from 
Buenos Aires, contributed to the understanding of carcinogenic effects of 
ultraviolet radiation on the skin. It should be emphasized that mice were used 
by Roffo for his study of ultraviolet light causing skin cancer. When Roffo 
initiated his studies on tobacco-associated cancer, he used rabbits instead of 
mice, and continued observing skin cancer even though lung cancer was the 
disease supposedly caused by tobacco smoking. His two dozen publications were 
ignored by most Latin Americans, North Americans and Europeans for the selec¬ 
tion of rabbit skin for tests for carcinogenecity, and also because there has 
been some notoriety in his family name that continued during Peron's regime up 
to the second return of the Peronistas In Argentina this year. Harris noted 
less than ten publications that cited Roffo's work on rabbit skin, all of them 
accepting the applicability of skin cancer studies to lung cancer in humans. 

The British laboratories initiated mouse skin painting experiments 
because of the occurrence of tar skin cancer in humans. The laboratories of 
Campbell and of Kennaway were very active in identifying carcinogenic cons- 
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tituents in coal tar. There was no question that the ultimate effect was skin 
cancer in mice as a result of skin painting. There were also some observations 
that inhalation or intratracheal injection of coal tar particulates resulted in 
lung cancer in experimental animals. There were some reports that skin 
painting of coal tar resulted in lung neoplasm in mice. The conflicting 
results relating to experimental lung neoplasms are recounted above to serve as 
a background history of events after the 1930's. The following questions are 
addressed in the next chapter: Can skin painting experiments relate to 
pulmonary carcinogenesis? What is the difference in biologic effects and 
chemical composition of coal tar and "tobacco tar"? What is the significance 
of the discovery of dibenzanthracene derivative, as the most potent carcinogen, 
injectable or skin painted,, causing lung cancer in susceptible strains of mice? 
Did scientists use this chemical substance, not present in coal or tobacco tar, 
as a model for a pulmonary carcinogen administered by dermal, pulmonal, oral, 
or parenteral injection? How did scientists interested in tobacco and health 
use this potent carcinogen, either to prove or disprove the causal association 
of tobacco smoking and lung cancer? I do not know the answers because some of 
the above questions were not raised in the course of collecting the literature 
that started October 1988. 

Revision of Harris' State of the Art Summary Statements . 

I have attempted to revise Harris' statemnts on the basis of literature 
he has overlooked. Summary Statements under Section 9 of his SOA report 
reproduced above (pages 136, 137) are revised as follows: 
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9.1. During the 1930's, there was no reason for manufacturer of cigar¬ 
ettes to conduct or sponsor research into potentially cancer causing effects of 
its products. The literature on lung cancer, both on animal and human studies, 
overwhelmingly favored occupational/environmental Irritation of susceptible 
host as the cause . There were a dozen articles proposing tobacco smoke as a 
cause but they did not meet the standards of acceptability using the model of 
coal tar causing human and experimental animal cancer. 

9.2. The scientific research available by the late 1930's was limited to 
questionaire survey in three instances. Most other studies on human lung 
cancer were mortality comparisons of occupational groups that supported the 
theory that there were chemical irritants in the work environment. The 
techniques for analysis of components of coal tar were being developed in the 
1930's, which were applied to tobacco tar during the next decade. Tobacco 
smoke was analyzed to the same extent as combustion products containing carbon 
dioxide, carbon monoxide, aldehydes and alkaloids. There were no animal models 
for conducting long term inhalational experiments for research on lung cancer 
of animals exposed to suspected human carcinogens such as dust particles 
containing coal dust, silica and asbestos fibers. Intratracheal infections of 
coal tar particles caused lung cancer in experimental animals but. similar 
injection of "tobacco tar" was not equally successful. 

9.3. Statements on cancer research support is reviewed in Chapter IV. 

9.4. During the late 1930's, and through the early 1940's discussed in 
Chapter IV, the "scientific evidence that cigarette smoking caused cancer" was 
minimal and largely from German, Spanish and Japanese researchers. Since 
Americans were against Nazism, Franco's civil conflict in Spain, and Japanese 
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Imperialism, the evidence was not credible. Warning to consumers was not 
necessary because other consumer products (like coffee), with known cardiotixic 
properties, did not require labeling (see Part IV). Furthermore, consumer 
products that caused skin cancer (like creosote), did not carry a warning 
label. The human carcinogenicity of coal tar products was already known since 
the 18th century, and support by skin cancer in animal experiment were 
available since the beginning of this century. 

9.5. The scientific evidence on "other potentially harmful effects of 
cigarette smoking" available during the 1930's and up to 1942, was not of a 
nature to require warning to consumers. Additional reasons are discussed in 
Chapter IV. 

9.6 and 9.7. These are reviewed in Chapter IV. 

Guidance Needed For Remainder of Project . 

I need advise on how detailed or shortened the remaining Chapters should 
be. The quotations in this Chapter devoted to the 1930's are intentionally 
lengthy because these articles, widely quoted during the next three decades, 
and by Harris, are in foreign languages. Furthermore, the conflicts were 
largely between authorities expressing opinions, counter-opinions and 
cross-opinions. Most opinions were interpretations of facts that were more 
abundant for occupational/environmental factors than for tobacco smoking. 

I am aware that until the 1980's, there is "no positive proof that cigar¬ 
ette smoking is the most significant cause of lung cancer." The literature 
prior to 1950 is abundant on occupational/environmental factors, more so than 
tobacco smoking but the situation was slowly reversed between 1950 and 1966. 
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Am I to continue to follow all important hypothesis in addition to tobacco 
smoking, such as: occupational/environmental exposure to fossil fuel products, 
combustion emission, industrial emission, dust emitted during mining, farming, 
and indoor occupations; and factors influencing hostal susceptibility such as 
heredity, constitutional hypothesis, diet and nutrition, previous chest trauma, 
pulmonary infections and chronic dust diseases of the lung? Am I to concen¬ 
trate only on statements that are still valid after 1966 and ignore those that 
were proven to be untrue after 1966 because of availability of new research 
studies? Shall I stop using lengthy quotations and follow Harris' style of 
selected sentences to support summary statements? Shall I substitute the use 
of an Etiologic Topical Index, or a further improvement of it, and simply 
present articles in a logical sequence of gradation of importance? 

A prompt answer to the above questions will be appreciated for work on 
this project will be put into low gear until such answers are received. I 
might remind Ms. Thompson and her associates that the scope of this review has 
not been covered in any monograph published before or since 1966. 

Etiologic Topical Index . 

While examining the more than 600 articles for this chapter, the 
necessity to formulate an etiologic topical code became urgent. The over¬ 
whelming purpose of the literature search is to compare the role of (a) tobacco 
smoking, (b) occupational/environmental factors, and (c) hostal susceptibility 
factors, with special reference to their interactions In pulmonary 
carcinogenesis. The topical code must also signify the source of Information, 
such as literature review, human studies, and animal studies. It Is also 
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essential that the topical code should be simple enough to determine whether 
the article supports the tobacco smoking hypothesis, or other causes of lung 
cancer. 

With our limited computer facility, indexing by word was out of the 
question; instead, an alpha numerical system evolved consisting of a letter 
followed by a three digits starting with Alll to Z999 and 000 to mean no 
etiologic information. Alpha (A to Z) represents the general form and subject 
of the publication. Alpha is followed by a numeric three-digit as Information 
rating: 2nd position 0 for tobacco smoking; 3rd position 0 for occupa¬ 
tional/environmental; and 4th position for_0 for hostal susceptibility. 

Numeric 0 means no information; levels 1 to 4 mean various levels of support 
for the tobacco smoking hypothesis but against occupational/ environmental and 
hostal susceptibility; and level 5 means available informa- tion does not 
permit a lower or higher rating but will be altered at a later date; levels 6 
to 9 mean that the article contains information that is against tobacco 
smoking hypothesis and that occupational/environmental factors and hostal 
susceptibility are the more important etiologic factors . Publications with 
ratings of 1 to 4 for all three positions contain information supporting claims 
of Harris and plaintiffs that cigarette smoking is a significant cause of lung 
cancer, and its etiologic role is more important than occupational/environ- 
mental factors and hostal susceptibility. On the other hand, publications with 
ratings of 6 to 9 contain Information helpful to the tobacco industry, that 
tobacco smoking as a cause of lung cancer has not been proven to the extent 
that known pulmonary carcinogens (dlbenzanthracene derivatives BCME, creosote) 
have been positively demonostrated. Such a statement is unlikely to appear 


Source: https://www.industrydocuments.ucsf.edu/docs/mrglOOOO 


2062855411 



Pulmonary Carcinogenesis, June 2, 1989 


Page 320 


in the open literature but the published information suggest the relative 
importance of tobacco smoking compared to occupational/environmental factors 
and hostal susceptibility. Rating 6 to 9 signify that tobacco smoking is not 
as important as occupational/environmental and hostal susceptibility. 

The three numbers should be regarded as relative ratings of tobacco 
smoking compared to non-tobacco etiologic factors. The specific meaning of the 
alpha numeric symbols is as follows: 

Form and Subject : 


Tobacco constituents and lung cancer 

A_ Animal inhalation and intratracheal injection 

B_ Biologic effects other than specific procedures (A, C to F) 

C_ Chemistry of tobacco leaf, tobacco smoke and cigarette manufacture 

D_ Dermal and oral injection of tobacco tar (animal) 

E_ Coal tar and constituents: skin, oral, injection (animal) 

F_ In vitro testing 

6_ Case reports 

H_ Case reports with controls; retrospective 

I_ Prospective studies 

J_ Morbidity studies; other forms of smoking associated diseases 

K_ Mortality studies; other forms of cancer 

Occupational/environmental: animal and human studies. 

L_ Coal tar products (except animals under E) 

M Vehicular emissions 

N_ Occupation exposure 

0_ Industrial emissions (air, water, food, contaminants) 

P_ Polycyclic aromatic hydrocarbons 

Q_ Suspected carcinogens (radiation, metals, nitrosamines) 

Hostal Predisposition 

R_ Heredity (constitutional hypothesis, animal breeding) 

S_ Diet and nutrition 

T_ Pre-existing diseases (tuberculosis, viral, trauma) 

U Dust diseases 

V _ Host-environment-tumor1nteractions 

Special Publications 

W Bibliography, Congressional Hearing, Special Society Report 
X_ "Reserved" 

Y _ Editorial, Letter to Editor, news items 

Z_ Monograph, review article, symposium 
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Numerical Ratings 

Tobacco Occupatioal/ Host 

Smoking (TS) _ Environmental (OE) _ Susceptibility (HS) 


1 « overall TS > OE, HS 

2 « human TS > OE, HS 

3 * animal TS > OE, HS 

4 * opinion TS > OE, HS 

5 * Uncertain 

6 * opinion TS < OE, HS 

7 * animal TS < OE, HS 

8 * human TS < OE, HS 

9 = overall TS < OE, HS 
0 = no information 


1 * overall OE < TS 

2 * human OE < TS 

3 « animal OE < TS 

4 « opinion OE < TS 

5 * Uncertain 

6 * opinion OE > TS 

7 * animal OE > TS 

8 * human OE > TS 

9 * overall OE > TS 
0 * no information 


1 * overall HS < TS 

2 * human HS < TS 

3 * animal HS < TS 

4 « opinion HS < TS 

5 ■ Uncertain 

6 « opinion HS > TS 

7 » animal HS > TS 

8 * human HS > TS 

9 * overall HS > TS 
0 * no information 


Examples of the rating system: 

111 * tobacco smoking is significant, or more important, cause of lung cancer 
than occupational/environmental factors and hostal susceptibility. 

999 = tobacco smoking is not, or less important, than occupational/ 
environmental and hostal susceptibility 


Application of Topical Index. The above alpha numeric system of indexing is 
being applied to the literature of the 1930's. Theoretically, there are 25 
alphabetical topics (X is reserved) and 1000 ratings for published information, 
a total of 25000 possible combinations of this alpha numeric system. The 
rating number must be used with the title of publication and authors because 
details of animal species, statistical analysis, population groups, chemical 
procedures, experimental pr-tocol, are not included in the alpha numeric 
indexing system. The system will serve only one purpose: to identify articles 
that support the position that tobacco smoking is not, or is not as Important 
cause of lung cancer, compared to occupational/environmental and hostal 
susceptibility factors, and vice versa. The application of Etiologic Topical 
Index to Harris' selected scientific articles and to articles that I have 
collected will be forwarded upon receipt of a new computer promised by 
mid-June, and the subsequent programing and entry of data in it. 
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BIBLIOGRAPHY 

PART TWO: CHAPTER III - THE 1930's 


Note: The four-digit numerical system was described in the Bibliography of 
Part One (page 18). The 3000 series include publications from 1930 to 1939: 
thus, 3000's were published in 1930, 3100's in 1931, 3200's in 1932, 3300's in 
1933, and so on until 3900's in 1939. Symbols used on cited publications are 
as follows: 

DTH « Deposition Transcript Harris; exhibit and pages 

ERR * Expert's Response to Requests (for additional information) 

TOP * Transcript of Proceedings; exhibit and pages 
SOA = Harris' State of the Art 

P = Secondary citations in Harris' representative key articles 
DMA » Citations in my 1986 Critique to replace mislaid copies 
WHM = Articles derived from 1967 Wynder & Hoffman Monograph 
SGR = Cancer references in the 1964 Surgeon General's Report 
□ * Harris' SOA report, DTH exhibits, and ERR 

# * Articles forwarded with earlier chapters (see Cumulative Index) 

* * Articles to be submited with later chapters or at end of 

project 

+ = Foreign articles in need of English translation 

Entries without brackets "[]" were derived from manual searches of medical 
indices as explained on page 11. 

Color code of slips attached to photocopies: 

Blue * Harris' citations 

Orange B Hueper's publications 

Green s Wynder & Hoffman's references 

Cream * Secondary references in Harris' "P" exhibits; SGR references 
Yellow * Tobacco monograph references 
White * Index Medicus 

Buff * ID numbers from New York collection 
Pink * IARC references 
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P38] 

3242 Pancoast HK: Superior pulmonary sulcus tumor. Tumor characterized by 
pain, Horner's syndrome, destruction of bone and atrophy of hand 
muscles. JAMA 99: 1391-1396, 1932. 


1933 Mongraphs and Reviews 

3301 Bigelow GH, Lombard HL: Cancer and other chronic diseases in 
Massachusetts. Boston: Houghton Mifflin Co. 355 pages, 1933. [SOA 
23; TDH Exhibit 38 page 278; Cited P208] 

3302 Hruby AJ, Sweany HC: Primary carcinoma of the lung - with special 
reference to incidence, early diagnosis and treatment. Arch Intern Med 
52: 497-540, 1932. [DMA 541; Cited P181] 

1933 Periodicals 

3311 Hueper WC, Allen A, Russell M, Woodward G, Platt M: Studies of growth 
factors of embryo extract. Am J Cancer 17: 74-105, 1933. 

3312 Harding DB: Primary carcinoma of the lung. Kentucky Med J 31: 
524-525, 1933. 

3313 Hamman L: The diagnosis of carcinoma of the lung. Am Rev Tuberc 28: 
711-733, 1933. [Cited P181] 


Source: https://www.industrydocuments.ucsf.edu/docs/mrglOOOO 


2062855426 



Pulmonary Carcinogenesis, June 2, 1989 


Page 335 


3314 Overholt RH: Primary carcinoma of the lung. Surgical extirpation. Am 
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3435 Edwards AT: Cancer of the lungs and pleurae. Practitioner 143: 29-39, 
1934. 

3436 Dible JH: Silicosis and malignant disease. Lancet 2: 982-983, 1934. 
[Cited P131, P132, P181] 
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